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INTRODUCTION
i

HEAT FROM THE SKY
One estimate'made by engineers. and scien-

tists is that one-fotitth of all the energy used in the
United Stat is consumed in heating buildings.
BilliOns of .Btu'cfrgm coal, oil; gas, electricity are
consumed every'hbating season. We are deplet-
ing our supply of 'readily useable fuels at an ever-
increasing rate. Fortunately,' future generations
will have an energy source which, every \three
days, equals ,the2, 'combined energy in all the
available. coal; oil, and gap in the world. That
energy source is the sun.,

This amount of potentially useft energy is
staggering, .but logical: Sin6tall form of energy
originate from'the sun, the basic source is°, by
necessity, a reservoir Of almost unimaginable

. size. -

A large* quantity of energy is heeded for
heating and a latge amount of energy is, produced
Icly the sun. TI,-1,p,se two facts, coupled. with: (1)-the
large quantity of energy needed for heating and
r(2) the large amount of enelgy emitted by ',the
sun--2when coupled with a growing need, to con-
serve foss'il fuels-make solar house heating a
.desirable and promising area for research torard
easing thedemands on the world's resource's.

Until a few years ago,,,there was little, if Striy,
general interest in solar applications to heating
ar)d,cooling. Today,. hodPver, therE. '''n..r. V ikiniar

'J.. energy research and development activities . Lne
lieatingd air-Conditioning...industry ,.....--\

Solar assisted heating is:'not a new idea.
Solar Heaters were used in the. Army camps of

.. Southern California duringWorld War I, and solar
'. water heaters receiVed at Ise st some use-in some
southern states durin 1930's. .

,.. - But P-ricir to 19721 solar energy, research ap-
plied to this industry was essentially privately
funded. ow,- federal nds are being allocated for',
solar programs .and have had-an impact on re-
search and deverment activities.

,A joint Nation I Science FoundatOn-Natiorpl
Aeronautical and Space Adminis:ration repkrt
rilibli'Sbed in 197 is generally crec -ed withhav-
ing had the mos public and Oolitica. impact on br-
inking renewed attentioNto the potentials of solar
energy. The report conclud4d:..

i?

1.- Solar energy is received ihjsufficient quanti-3-
ty to make a major Contribution to future U.S.
heat and power yeeds; c

2. Therkare no takhnical barriers to wide ap-
plicaVon Of solar energy to Meet U.S.'needs.

W. th this endorserrery,Lar others, Congress
sec the ESA authorizing the establish-

e t c- tThicEnergy Research and D2velopment
Admini.F .a-.-ran. Among other things, `ERDA
replace- .-)e old Atomic Enercy Commission. On
Octobe " 9'7, the Departrr =-- of Energy (DOE)

76surne: .ne overall rest-: oility regarding
ene,,-gy

Cc -oared to the mea:er Juling that was
obtained.,.by a ew..solar
now tea substan
marked for sjar energy r
and der- _ nstration projects

nergv pioneers, there is
I federal money e'aF;---
search, development,'

'FEDERAL. GOALS .

Th F es-it overall, goal of the federal pro
gram. -:- lea:ing and cooling is to stimula ein-*
dustr :41 a,id commercial carabirity (includin -that
orsh I b,_:., -ass) to produ., and distribute solar
heati- z ar-a pooling systeas'and, thro i 4 wide-
spreat: apo, cations, reduc- The demano pre-

,'sent fl_el supplies.
S''the. are'successfu.. goverment efforts

will stimula :e the private se-:or to support he ih-
corpc fitior and installatic- of cornbine solar

e,heat .ir-., ar _ tooling systerr H F-xisting buildings t
!in ti-,4 ..,- 7 Sates. F - _A beyond )970,,
the -.:,, -. --; ider, . - new construction
andre ,,, 0:- g in eist. building:.

i..

.,.
.

...

.014- 1960: -corporat lar energy. Ste, terns ,n
»least 1 . of the annual residential '

,-.--.-,c commercial building starts alid
.ne installation of retrofit systems an-
:- wally on 2,500 residential and 20d
commercial buildings.

By 1985: Incorporate solar energy systems in
2 , at least 10% of. annual residential

and commercial building starts and
'Th installation of retrofit Votems an-

nually on 25,000 residential and 1,000
`commercial buildings.

Perha s some useful/ perspective can , be
gained by n ing a similarity. .between the status
of solar assi ted heating today and electric
heating in late 1950's. Then, electric interests
(general!, people outside the traditional heating-
cooling industry) b'egan .to prOmote and- market
electric heating system . Today,' there, are solar
interests whti want to roa ket solar systems. Elec-
tric heat in the 50's was untf lievab.ly expensive
compared ,to gas and oil-fi d ?entral systems..

4



Like today's s .,ia Esisted systems, the market
for-electric he I- liE9 appeared to "ttaditkonal"

'heating men) t: -;.--.- ---- ery little potential. Only cer-
ta4types of t-,,locii- -_:s.L.those with many lights
and heavy ir -,_,_-.- ----were considered 'tuft-
able" for elec: --ii-p.. Today, solar systems are
also said to at.? :,_._ anle usually only in special
situations. -

, It is curr:-.2-it. agreed that electric heat ap-
pltations hav,t a-own beyond the expectations of
fifteen years ago when few persons foresaw to-
clay'S fuel costs or shortages.

In the '1E.4-5:'s, an i ortant."marriage" did
begin,to taker. ace. NanSe familiar to the Keating

I!. technicians began manufac uridg.electric heating
productsanc the electri heat interests became
'part of tbe heating-coolin industry. Electrieheat
-began to be marketed t ough, the people who
know _heating arid air-co ditioning. The over-
zealous en!' tsiasts who say, electric heat _as
something .-laical, that did not haye ft:\ meet
traditional cc-nrort design criteria; were squeezed
ut. Also, there were numerous front page news-

pape tories.about electric heating inetantions
.rhisap ,Died and "ripped-out" by irate home-
owners.' * . -

AN IMP _t SSON?
The . of electric heating, -therefle,

may serve-as an important history lesson for 136th
solar enthusiasts and traditional heating - cooling
practition rs.

intelests shoyld not try to do it alone. ,

o

Heating technici s know the heating business.
Nor should the solar interests believe, als the elec-
tric interests once did, that there is Something
magical about the "fuel source" that puts solar
assisted heating above the technolo0 that has
evolved since the'turn of the century.

4%, solar interests shotld avoid customer
loversell: In an age of consumerism, the heating
Fdustry does not need the stigma of "scare' head-
lines regarding energy shortages orpborly design-
ad solar systems: Either may cause the home-
owners to "tear-out" thousands of dollars worth
of solar equipment because' of extreme product

'?.dissatisfaction.
And for those of us who area part of the

heating industry,,just as electric heat was not for,
everybody -in '59and it may still not be part of
everyone's business todaysolar assisted heat-
ing and cooling may never be apart of everyone's
business tomorrow.

I
But, heating specialists (should not resist

spier assisted heating and cooling because of
leek of technical information. ,Let's Tha-ke an hon-
est effort >td learn what the solar specialists has to
offer, and then teach them abhut comfort condi-
tioning nractices and how to provide good c7-
5,:rner p,oducts.

James Healy
Director of Education
Northarnerican Heating and Air-

conditioning Wholesalers Assn.

M



SOLAR HEATING 4kip COOLINd`
Solarenergy is rapidly beComing a logical

alternative source :of hvft as the cost and
conventional fuels becomes", a

major problem in itndustrial countries. Getting-
- heat from thydri is not a new ideamost p9ople
have all experienced gettint unburned on a
itudY day, much tolheir surprise ....soithesenergy

is there. now, technoloqy,_has broughtjthecost' ar ssfrig the min closer to being
'economical' comp9titive` Add,e--fact that solar
heating an solar/ooling are very attractive en-
vironmenta ly, and the reasons for being involved
in this cour e are _almost tomplete. This c rse
will 'provide' fundamental technical know edge on
solar assisted heating. There will, be a derrkandfor
technicians with an understanding of the design,
instalption, and servicing responsibilities ase
market for solar assisted heating develops. The
question "Why am here?" is now answered. The

nexi question is "What is involvecl'I'".

PASSIVE SOLAR HEATINd-SYTEM
In its simplest terms a solar heatin solar,. -

cooling system is any system whieh reduc s con-
sumpiiOn of conventional fuels by utilizi g the
sOn'eaenergy as a method of heating or c ling.
Thes'/stem can, be either passive Qr aetiv
-Ote\ utilizeipassive solar energy.when openingthe
curtains on the sunny side of the house during the

'cold months to let the sun add its warmth. There
is a minor amount,of control over)his system dup.

wing the summer when the curtains are clOsed to
block out the sun's rays and the unwanted heat
radiated within the house. Thus, it is fairly safe to
state thara passive.solar energy syeitCrOlas no
moving partsi except of course for the opening or

'Cloaing of a window shade or gurtain,And is main-
ly. the concern of the build g teR,gner and/or the

landsca architect. It is also safe to conclude
,,,r4i/it this -type of solar energy is only incideqtal to

this course and will be 'discussed only .when it
benefits the primary point of this course; the con-
troqed 'collection and distribution of-, solar heat.
SOmeexaMples of passive systems are depicted

Ari

below:
:earLK discussion, of designing a passive

sOlar systern!whtch includes taking advantage of
th g. sun by such means asiwindoworrentation and,
roof overt-wig to conserve energy an p6 found in
the University of Small Homes Muncil cir-
cular-which was published aFound,1945.

gift
Active Solar Heating-System.

The alternative to a passive SysteTria-an ac-
dye system. To;underatand and visuraiize' %hat
goes' into an active' solar heating/solar' cooling
system, the folloWing schematic illustration isArli

-oresOted in Figure 1-4.

I "

:

Fig: 1 -1. South 4aCing window.

,

.. - a
IFig. 1-2. Greenhouse asa Solar Collector. Broken lin

note movable insulation.
,f

. 1 -

Fig. 1 -3. Roof Monitorasii)Salar Collector. Ductiind fan
circulates trapped hot iiirbgck to floor jelrefl\1.1

.;
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_As-4111t1p ails illustration.-shows ten parts to a-
tolal system, only those items iN the illustrati60
4Flich are represented by;rectan u`l.q.r blocks will
be discuseiti-. 01 this lesson. The other four
items:--pumpsi blowers': automatic ./Ives., ancf

. damperare importanti,to the syste..and will be , . '

.' dealt witA later in This course.'. : _ Is

Acti systems currently 'consist cif the,
' foltwing shtessential units. to collect, lontrol: :.

and distribute solar Beat. _

Unit runctibnr , ..
_

<

.--f.-Solar rnterc pts sold, radiation arid
Collector, conveys tq heat for transfr,to
(Fig-1) a th al stlftge unit or to the '_, -

hesat ig load.

t
, ,

. ''
-,,

2. Thermal Can be eiher an air or liquicf.
b ,$rotage. Unit unit..t , 4 )

(rock storage If more heat iecollected than re-
T, sh6wn) quired for .space' heating or "-

dornesticc wateik, heatiricf; then: t.
L.-, ; the heafis-gtored fq1Olater use at-

>..,
.

.p, -----I
,--;- . . . njght-or On cloudy days'

4--

there is sufficient sotar 'tadia.
titr. :

3. Auxiliaty Used try back<ip,"1-)ea,3 deruand5
Heat Source when the'solar7oolrector trcerrAi

= .. . t7- s torage isystern; is,-unbie to
v .*----:17..' meet thk_4pmancl.s: such as

r-+'. 1°
periods df:tiigh...heatiFiq/booling

.-yoad deiriviands and lo'w solar
..1.

\

t.:. . - -

.availability.

. While it .is possib+tNtc 'design r
j and cOnstpuct solarf.sytter.r

-that couldsmeet total needs, gip

- Heat
Distribution

t /- System and
51-Co okng

Distribution
1

,

g.generally not as econor19icial.
. (post vs. savings). as an, au oliary

assisted system.

-;.C'Sri be either a liquid, rock, oro
o\hangd ,unit. ' Rock'

storage for an "air unit is shown/
in

.
Figure' .Storage units genet'

ally o rate independent of any
41holing or heating `requiremesar
sinc6 they can be collecting and
storing solar,.. energy whenever

granary
'Heat
Source

e _

Meeting
Distribution

System

Cooling

B
Unit

Cooling t
Distrbt.ton

System

CD I ---0-- ---(3'

,_
'i PumpfBlower Valve/Damper

Pump/BlowerAutomatic

Fig. 1.4. Schematic.144resentation of a Solar Heating and
--..

6 .Cod ling Unit
(pbsorotior
unit,shoA

Depending On the systems
seletled for solar heatin,g-/solar
tooling. .rlr?es& could be,;

a rtri, s m or di'fferent
Systems: .
Usua'lly a wor ard. luc!'
distribulioh -ca.p bie of utiViaing
heat directly rom either the:
solar collector ion thye qiNrga'i
storag"e unit. In i s9rn6 o.tht-r-
cases,lit
Where the;liquici 4s pipec),directiv
to -t,hel,§pa-c-v to e,"t1E-7aQ.,d:,:oL-

7.d---antflSetitiere
used to hekt/cost.roorp

.
The methods uset).1...Loi...coolivg
"include-absorPtio'h cooling units
oiltitom-btoMiideor ammonia
water with the former the or .

camrrisroially available syst,
and even thaf-4as*beenc-Hy
used in "ekper,mental-*.instal:a.
tions)...Rankfne cycle .Japo,r
compression, and others. Alter
natively. a hat purrip.mtght bet
utilized as ,t,,:onventio:1,1T
ing(1;nit jp,

auxiliaryan used as Inc uxiliary for th'e
_solar Space

.. . .-
- A desiYaole feature not inol'.01..ied abm,.,,, :1';

part of the basic heatt'nn,i. ibooliig unit is the 'r:;rnv,"
. .1sion. to use solar energy to also he.ar dpmestT not

. wattr (DHW). This preheted watPr, requires-:::7 ;! i
/added conventional, enetgv (c, ^ gas o' ei,?;- ,v.

-.e tricitV) to' b2o'st its temperature to the dek. s:red
-'' 'rAnge of apMoximatejsy_1140 'F. (More informat!hn

o domestic; water heating ii; 5(t. pOvi,1644_'

s bsecluent lessons.)Cooling System.
,

12 4



r _ Thfs section ofthalessat. des_igned to pro-.... ..
videtreitter detailrabtfuf the %ix major 'units Of ,a
sora-iY,sliaie heating/solar cOOling: syktern. ft

id$IScrfbes allernativeaa,10 therm ostfcommon corn-
. . _ _

ponentchoi,cestwithineaqh:part of the,tyrein

Solar ConfigUratl?ns i
's'

Solardoltectors pn be,ofkthae f011ovving'coik%,..
figiiratiOne:

ACTIVi SYSTEllit DETAla-\
.,.

4
4P

4

components--of the, collector are .designed to
redude the loss-as much at possible as is seen in
t6e 'next two illustrati,ons, .

The insuLation beneath the absorber and the
transp4 overs reduces heat loss through-

Ts radiation, ccinduction, ana/cir convection. Glass
overs do ndt struOt the solar radiation passing
rough, but they reduce'colivection loss since

.-airpO4ement" (Inbludi-ng wind),acrOts the'ab-
ber is absent. Also', the air space between the
ss and (he absorber acts, to reduce corguc.ron

tos between -these two aomponents.

.
.

. Flit Plates.Cotlectdrs
, The'construction of the preSaril corriinerci,1-

lyayailbie.frat plate collegtO!4consists of an ab-.
sorber .plate (usually 4.,;b1a4ened' metal surface
Whiqh_absortps direct and dfffuse solar radiatiork
aqt:tonVertA tftei' energy to heat. The hearin the

.'absorber plate is,,transferred to an appropriate Ii-
quid or air stream 'which is in cOntaot with the ab-
sorber Rlateand delivers the heat tC the next part.
of the system the Therthal Storage Orlit. Since
the absorber plate tends to lose heat (upward
thrpugh the cover plate, side, and back) the other

AllorrfiniirrOCciver Frame GaskepSeal Cover Mounting.'
Screws .

Piping
Connection

Mounting Brackets

Insulation

Cabinet
Rubber Pails

Glass Covers

Copper Flow Tubes

Absorber Plate

Flow Tube Manifold

Fig. 1-5. Liquid.Cellector.

;
Conc tratind collocroks-.

A -
,',...tonientrating.collictors 'gather-direct solar

ration over a :large_ ark and then focus
(conentrate) the radiation orito a smaller 'ab-
sorber area. The effect of-this concentrating is to
increase the flUid ternperature delivered from the
collector. An interesting point is that the quantity
of heat. gained is nearlOtie..same es for, a flat
plate collector with the same aperture area.

.-41

Absorber
Plate

Mr Channel -\

Tempered Glass
Qovers

Hot
Air

Cold
Air

;0=F

Manifold
Area

)

Insulation

Fig. 1-6. Air Collector.

Solar Collector Configurations
Collector

Type Absorbs

Flat Plate ' Direct and Diffuse Solar Radiation*
Flat Plate Direct and, Diffuse Solar Radiation*
Ooncentrating4'-- Direct Solar Radiation

*See page 1-9 forthe difference between diffuse and direct solar radiation.

Heats

Liquid
Air
Liquid

1-3
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140'F
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The major disadvantages to the use of con-
.

.centrating col ctors are:

. 1. Their in bility to function on cloudy or ovri
cast day ;*

2. They mu t track the sun'S travel; and
Triey ar expensive to construct, operate,
and rriaintain.

- ,Cloudy d4.s° prOvidb only scattered (diffuse)
solar radiatidn. The illustration below shows that
concentrei= col:lectors will not Work on cloudy
days and, thus, they can only operate on- clear
sunny dayss'imply because diffuse, cadiation
no\. bb focUted on the- absorber by the reflector.
However, flat plate callectors can catch and ab-.
Sprb the:-heat -of both direal And diffuse 'solar
"rid!atioh.

_

Jhertnal Storage Choices _

Collected heat not used immediately. iS
stored by heating a particular subStance that can
"hold" the heat for later use. While a variety of

1 substances can be used. Water and rocks are
'most popuiar. Water storaCe iS used with liquid
solar collectors; rocks are-used with air collec-
tors. Water can be coritained in somd type of leak-

Fig. 1-7. Linear ConcentratingCollector.

-

Fig. 1-8. Circular Concentrating Collector.

proof "tank" and rocks.are enclosed inside some
type of slorage "bin." .

All storage units should be insulated, but
water tanks should be particularly well insulated.
Insulation prevents loss of stored heat and
minimizesthe amount of uncontrolled heat escap-
ing from storage that might tend to overheat near-
by rooms (similar to a hot furnace room "over7
heating" adjacent spaces).

WatefStorage. Heated water from a solar col-
lector is discharged into the top of a water
storage. tank, Cooler water at the bottom is then
pumped back through the collectors to
reheated.

Water storage units can be place a base-
. ment, crawl,spaceNarage, or burie nside-or out-

,side the structure. Buried units a seldom a good
idea .because of serVice probl ms,-darnage to in-
sulation-, and corroSion. Tanks can .be made of
watertight. concrete, steel 'or' (sometimes) fiber-
glass. BeCause water is relatively heavy (8 arid 1/3
pounds per gallon), large tanks Must be wellsup-
ported and bottdm irmsulation Must not be_crushed
(thereby reduce insulating. effectiveness). Fig-
ure 1-10 shOws one method to insulate the bottom
of a tank.

1-4

Direct Sofar
Radiation k. Diffuse

- Solar
Radiation

,..=
I--.......

, *--,.....-....,,,..
',--,... :

'----,__ N.,,. '
--"",..,.-"-...... -.., 0,7f

".....,..:, 11,9,:,,
1 --.--'-9

Absorber ..-------\...._ .....,-,,,-...
-...,,

\N"-7..--------:----..-_-..,
.1 --........ \ -"--,....,,,, .."""1----,...

---;___ ____ _____ ____ _ ----\\ .......,,,, \

.
---... -_,

------ (0 -..,,,,
--........ /ree, \ .

----;,..
---, 0

Solar
Reflector

-
Fig. 1-9. Direct and Diffuse Radiation on a Solar Con-
centrator.



Air Storage. In air storage units, heated,,,, air uniform size and not fractured,to insure adequate
from the collectoris circulated through the rocks air flow. The pebbles should be washed to remove 1
to transfer heat j dust before being placed into the unit.

Rock storage can be provided by assembling Provision should be made for access around
wood from boxes, by using concrete blocks, orp theSe units for maintenance. The pebble, units
cylindrical' steel containers. Again, containers could suffer structural failure. The Water uni:ts are
must be well cofistructed to prevent bulging and subjgCt to leakage, especially at the pliimbing
eventual collapse of the storage container. . ....condecribns. Steel tanks are subject to corrosion
Although -the container may take 'almost. any so space shouidte provided for access if replace-
shape, a basic cube ConfigurStion (Figure 1-11) is s Ment is necessary.
preferred to configurations that would cause long
vertical or extended' horizontal -air flow paths' ;Aublialy Heat Sources

With, p.urient en gy shortages greatly
discouraging thuse of petroleum products or by-
products (oil, LPG, natural gas), the trend is
toward. electrical space heating systems as back-
ups for solar heating systems. The two types most -1
often used are eleCtric resistance furnace heating,
and heat pumps, with additional electric
resistance heating usually serving as the back-up
to the heat pump.

Since all the data up to this pOint have dealt
with a solar heating system, the following two ii-
lustritions show a solar air And a solar wafer
system. When comparing thQ two systems, take
the following items into consideration.

through the pebble-bed.
(

However, if the height of the storage unit is
limited to less than five-feet, anorizontal design
can be used. The horizontaldesign does present a
few drawbacks:. because of its greater length
rather than height as in a cube unit, it imposes a
greater pressure drop to air flow. Further, since
warm air tends to rise, great care is needed to in-
sure that the air flow goes through fhe entire
length and depth of the horizontal unit. A tight fit-
ting lid with baffle platers which force the air flow
down and through the pebble bed helps overcome
'these problems.

The pebbles in these Units should be of

Heat Storage
Water Tank

Fill Space "I
With
Insulation

Concrete
Blocks

Rigid Fiberglass
(4")

Redwood 2x6

Fig. 1-10. Bottom Insulation and Support for Water Storage
Tanks.

Air Outlet /

Air Inlet

Round Pebbles

Wire Screen
Rigid Insulation Bond Beam Block

Fig. 1-11. Pebble-Bed Heat Storage Unit.



Warm Ail System Fig. 1.12(A)

Plug

-
Lower capital costs. Duct work risers oc-

cupy usable floor.
space. ,

No ccirrosion, clogging, More energy required.
or antitreeze solutions. to move solar energy

from collector to
storage fa use.

Leaks havP-Aess severe. Installation must be
consequ ces. leak tight which is less

obvious t n with
water syste

Minus

Domestic hot water
, system is not subject

to contamination by
leaks from the heat
storage unit.

Warm Air System Fig. 1-12(B)

Plus Minus

Water' is a cheap and High initial cost.
efficient heat transfer
and storage medium. Corrosion, scale, or

freeze can occur caus-
ing damage or block-

. age.
Piping uses little floor Leakage can cause
space. considerable damage

to the system and
dwelling.

Circulation of. water Contamination of
uses less energy for water supply is pos--
equal heat content. sible if poor design

allows treated 'water in
Adaptable to large storage to enter donles-
buildings. tic water system.

Can provide energy for Summer boiling can be
cooling. problem.
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_A Heat Pump for Heating
A heat pu is correhly identified as a

refrigerant machin that can extract useable heat
frorna source that/is at a temperature too low for
direct comfort applications. .

It is important to recall that in-the fundamen-
tals eat flow, it is a temperature dif-

rference t temperanTre alonethat influences
the amount f heat transferred.

For exa ple: A gallon of water cooled from
55° to 35° a 20°F differencegives off a
greater-q rftity of heat than a gallon of water
cooled rom 210° to 200° F (10°F difference),
although -the ,latter is hotter to the touch,

oCold is only a relative term. Heat energy is
almost always .preSent: The exception is at ab-
solute zero temperature (niinus460°F) where 'all
thermal motion of atoms stops.,

Thus, a_ s long.as the refrigerant circuitwol a
heat Ourhp can produce a 'temperature/difference
(by providing a transfer medium colder than the
temperature of the heat source), heat can be ex-
tracted. Remember, heat flows only from a higher
to a lower temperature body.

For this reason, it is possible to use air, water
and the earth itself as a source of heateven
though one normally thinks of these substances
as lacking heat or being cold during the winter.

A solar collector can be used to heat air. or
water, so it is logical to combine a collector cir-
cuit with a heat pump. As the heat pump extracts
heat frorn storage, the solar collector circuit can
be used to replenish the supply. Figure 1-13 il-
lustrates this concept schematically. -

Air
C6Ilectors /

:/
Domestic
Hot
Water

Fig. 1-12(A). All

16

air solar heating

Auxiliary
Furnace

(Sun Stone)

system.



And, as was demonst-,---*.ed at the University
of Kentucky several years it .is t - ssible (but
not yet practical) to combint- a solar collector with
an earth source heat pumG as well. In this con-
cept, the earth is used as the storage "tank" and
heat is added by the collector. Heat is,,then ex-
tracted by the heat pump via hundreds of feet of. dc

pipe buried in the Soil.

Heat Out

Solar Assist Circuit Heat Pump Circuft

.

.

4.)

E
00

Fig. 1-13. Schematic of a Solar assisted heat pump.

4-ore_
Hot Water
Coil "it

/
'7.1004.>1.(f

v

Solar Cooling
Of the three gen categories of space

cooling methodSfor idential bydingre-
frigeration, evaporative cooling, and radiative
coolingsolar energy is only directly usefLtil
refrigeration methods. Refrigeration systems cool
by removing heat as it comes in contact with a
cool In . both the conven:
tional vapor-comp ssion systems using electric
motors and heat pumps, and the absorption
systerhs which urge a fuel, ,solar heat could be us- .1

_ed to drive the compressor in vapor-compression
systems or replace. the fuel in absor-ptiort:'

systems..

VaporCompres-siov Cooling
..In the familiar vaporcompression c e, an

electric motor drives a compressor that "p
refrigerant .gas from the relatively low pressure
and teqperafure in the evaporator up to the
pressure a-nd temperature level existing in the
condenser.-

To Domestic
Hot Water System

ti

Pump
Thermal
Storage Tank

Tank Hea:
Exchange-

Fig. 1-12(B). Hydronic solar heating system.

1.7

(Solar Energy Products, Inc.)



, .
Absorption Coo lirig !,,, . g continuds on to the condenser. he liquid,

i, .

In mechanical cooling, u'nwa ad heat is ab- now free of refrigerant, is returned to the bsortyer
sorbed at lbw pressure and-tempe-aure and Tien to repeat the process.
rejected at a higher, more conve !lent presture ° in conventional absorption coolirig units,'
and temperature. -.' -heat-is supplied from gas or oft: In a splay assistedSt

Ve 41a

In the absorption process, heat, replaces unit, a hot fluid Provides the required heat.
horsepower. The compressor is replaced by an Lithuim-BOrr-31de Chillers. Of the absorption
absorb coenerator assembly in which'a liquidsis refrigeration y tcurrently '. in .,use, the LitIlium-
used to carry the, refrigeran vapor from ,Bromide Chillers apPear to hold the most Pro- (
evppiator to condenser. . mise. Water is the refrigerant, lithiv-bromide is

A closer look at the a sorber-generator the absorbent. The system operates under
shows how refrigerant vapor 6 m the evaporator-1 vacuum and requires a cooling tower for wate
enters the absorber where th vajibris absorbed oboled condensjing.The system cannot use air-
by a liquid. Th liquid solution is then pumped to cooled condensing because of the- low
the generator ( which is at tire same pressure as temperature in the absorber. '-- - a

!be condenser). . . There are twoyypes of chillersair chillers .

In. the generatoe, the tquid is heated. This and water chiller^ which also describes their
drives the refrigerant vapo ut of solution and the - "ciailling function. With the air chiller, room air as

Aillo . -,,,,
. circulated directly past the evaporator Coils.

Heat Out
The water chiller requires a remote fan coil.

/ unit with room air cooled as it passes through the f
unit. The water chiller has an advantage over the

'air chiller in that 'it is possible to store °chilled
z.,

Expansion
Device

Heat In

Fig. 1-14. Basic vapor compre sion refrigeration cycle.

Heat Ou

Heat

Expansion
Device

.Heat In

Fig. 1-15. Generator-Absorber replies mechanical com-
pressor.

Refrigerant Vapor "Boils Off"

Refrigerant Vapor
to Condenser

=

"Pure" Liquid Line

.4
Refrigerant Vapor
from Cooling Coil

So

. i? Heat
High Side
Lqw Side

=efricerant Vapor
is Absorbed

Fig. 1-16. Absorber-Generator de

Liquid Saturate(
with Refrigerant

Colle7-or 1. Generator

4
P ,mp

5. Recouperator

Liquid
Solution

. Condenser

tgExpansion
Valve

Return to
Cooling Tower

Codl Air
or Water
11 A he..

3. Evaporator

. .

4. Absorber

Pump I..

Cooling Tower Water

Warm Air
or:Wafer

Fig. 1-17. Solor Powered Absorption Air. Conditioner.



w%ter when the building does not require cooling
(as ih the morning or 'at night). This "enables the
system to provide for a large pea coolinig capacl-
ty. Typical requirements t9 provid 36,000 btu/h of

e cooJ.rtig are a hot water supply Eleven (11)
g Ions per minute at 190°F. Cool g capacity ob-
viously falls off drastically with loww.temperature
water supply frorry the collector circuit.

*
,

A Heat Pump tor. Cooling
A-heat pump is another possible codling unit.

It is most easily remembered and described al an
air conditions"' that can pump out warm akr when
desir,glife, and then reverselhe cycle wherCheces-
sary and pump warm)air in ,It is a.mechanicil
vapor Compressions syStem coneisting of a com-
pressor, condenser, expansion Ave,:and ae
evaporator. When in thebooling cycle, a heat'

, pump is not a solar energy powered device. It is
only in its heating mode that it can become a
soar assisted device. This, happens when solar
heated transfer materials (air or water) are used as
the heat supply to the heat purrip.

Solar RankineCycle Engine
Solar' Rankine-Cycle -kngine is a solar

powered engine that.can be-tised as an alternate

Hot Water
from Storage
or Collector

Conlin
?"" Heating

Supply Air

Outdoor
Section

Return Air

Fig. 1-18. Componnts of the Battelle Solar Heat Pump.

1.9

source. of power for the regular electric motor,
drk/en compressor in a vapor- compression -
refrigeration system. Solar heat can vaporizenan
organic fluid to drive a turbine which is coupled to
a compressor. Thus, tiriough the use of a- Solar
Rankine-Cycle ,Engine, a device such as a heat
pump could become solar related device in both

.cooling and heating modes. (See Figure 1-18).
-L.,

Evaporative Cooling phis Storage
fr v Conventional evaporative coolinb in arid apil

semiarid parts of North America is accornpltshed,
by circulating outdobr air through a wetted pad. ,

-." This simultaneously lowers the dry bulb temper;
a\ture of the air and raises the.Wet bulb/temper=
ature. This coot but humid air is then circulated
through the house for comfort cooling.

Strictly speaking, evaporative cooling cannot '
be "helped" or RowereObo-4 solar system. Haw-

wrev r, the-rock (Pebble) bed Storage associated.'
with an all-air solar heating System can be used
along with an evaporative-cooler to store cold at
night for Us during the day.

Here s how it works. At night, outdoor air is
circulated through the ev,porative ciROler and the
air is then circulated through the rock storage to
subcool the rocks. This moist .air is then ex
hausted to the out of doors.

In the daytime, hot room air -is routed through
-.. the cool pebble-bed, sensible heat is removed and

circulated throughout the house. Note at no la-
tent heat (moisture) is removed in this process,process,
thus, this technique is not well, suited for all
areas.

Intake

o.

1111 III

Blower

-11.Fr m Evaporative
Cooler

To
I Rooms
Back Draft

Damper
Motorized
Dampers

Outdoor

Motorized
Dampers

Exhaust
To"

-741
Rock Bed

Outdoors

From
'R9oms

Motorized
Dampers

1).

Fig. 1 -19. Evaporative cooling with rock storage.



'Other Cooling Possibilities ) i4- ECONOMICS ,

4 /

BesideS prtviding .comfort cooling via The exploding demand for enk6, both in 2e,
mechanical deviCt is also possible to coo/Jig- -United States and throughout the 'rest of Tie .

) ing cheinial reaction devices similar in operatiop world, will Continue to force the cost of energy up
lo thet widely? used chemical dehumidifiersli-' and will result in recurring energy Shortages.( qiiid ahsorption and solid absorbent equipment; Compared with "other energy 4/:itternatives, solar

lh these-Glevices, a desiccarVimoisture cap- ,. energy for.space heating and domestic water
turing chemicaliS used 'to dehumidify air and Oedrting requires relatively high capital although

/tben 'solar /heat is used to provide some of the thisfactot is being.offset by several factors: (1) in-
energy to regenerate the desiccalafter it creasing cost of other fuels, (2) inten ive research
6ecome% 'saturated tith moisture, pgrat:ve to develop 4nie cost effectiqe s sterns, -.end
copling-can also be added. , ) '0) the potential f an excel ent life payback cy-

',

One innovative 'device under study is the - cle. A phototype system usin - circulating air has
Munter Environmental Contrdr (MEC) unit shown worked well sihce 0957 with net, ma ,.'" problems

c in some detail in Figure 1-20: i .,-...ind essentially no . Maintenance zost -Solar`
II> corn-Reverse radiation from the .absorber-surface ,- assi,sted (leafing' irbecominc ecvnorni6'

a flit -plate nllector tothe cold night sky- can r petittve Atth heating ty fuel oil, propane, and eleC-
oot the absorber surfaceilt can also cool the trici0 .i.n many parts of thl country. .

ater or air circulating through a collector. To use. With present day equipThent and prices, most .4

this Or'nc,iple, a shallow water pond' covers the" solar sySeerns have a fairly long payback. Theo
s. roof w ft sectionalized, retracting, insulated energy is free but the equipment in vestment is

overs aver the pond. At night, the cc xers are relatively high. As additional square feet of-collec-
re ac d to. cool the water'in the pond by both tors and larger storage tankS are adde..7. :le must
evaporation and radiation. They-are then cloSed . look at the new investment versuE savings. A( during the.day to. prevent the water frOm being solar system large enough to provide DO percent
heated: The cool *Iter is circulated through fan- of, the heating requirement has a r .uch longer

-'coil units to cool the rooms below. In the winter, payback period than one which does just part of
the process is reversed to capture the sun's the job. At present, most solar installations are

/warmth during the day. The covers are 'closed at . sized to handle 50-70 'percent of the total load. /-
night to ret n the heat. which- is radiated,to the backup conventional system sized tc nandle 10(
roornS'bel w.' '"-----... 0- percent of thg load is normally included to handle

poratiori of the water,, which occurs, conditions when no solar radiation is available
natul-ally,,increaSesitS salinity aild thus requires and the stored heat has been depleted.
periodic draining.. Possible freezing is a problem.

The generalized schematic (Figure 1-21) pro- Loc Lion Differences
vides an idea-for this type of system. , he economict of solar heatinc in different

-Rotating
Heat

Exchange
Humidifiers Wheel_

Air
°From,
Roorfi

Rotating
(-),,

ng <>
Wheel T-

ode'.
r

Desiccant
dr" 1 Gas Material

Ai, to Room f\-\ Burner-

, i1/41

Out
Ambient Air 4,i, Solar

_He-atda
Water

Solar
Heating
Coil

Fig. 1-20. Schema is of Adsorption Cycle (courtesy of the
Institute of Gas Te nology.)
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Radiative Cooler on Roof

1

Cooled and/or Dehumidified ,

Air ed to Building

Cooled

Duct
Building Air

Auxiliary Air Cooling
and/or Dehumidification U

Ovate
Pump,
,-

0

> A0 'A
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xOlc go 51cNate* (CD
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Fig. 1-21. Radiat e Cooling System.

Ora-
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1:ons depends on a combination of' 'e follow-.
ir actors: ax

:,oat of \equipnient. e

2. Amount of solar ralatfon. available during
the heating season.

3 Heatiilg load of-,the proposed structure.

4. -Cost Rf conventional heating energy.

45. Th6 b5ctent to which the solar heating System
can-be utilized outside the -heating season, .

for example, domestic watertreeting2

Because of,colderweather and greater tin re-

.
quiremenVunq in northern latitud' and ex-

-, ces,sively Oudy wather coastal areas, it is*dif,'. j; fioult to predict whether or not solar heating
systems will offset the costs of heating with,other
fuels until the cost and weather factors are

determined. FoF example. the .greatest average
amount of soar radiation !in the Uniteq States is
Tellable in cky MoUntains--Southwerstern

urea becaUse ela'',ely clear weather kondi'..'
Otheriare ry a

however, since 'e-ncse, nd ates that sole
heating is eco
in many parq
become more)w

`price rise. C

not excluded,

technically feasib
uht: at this time and ill
ad as conventional e ergy

r the foliowing_yredictions
based ori thnoS f energy in Fort Collins, Col-
orado in Table 1-1

a more general tOne,,the U.S. Department
of Leber, Bureau oLLabor Sfatist)cs presents the
overview ig Table 1 -2. The only 'figures not sup-
plied ,by USDOL are the projedted. 1980 u ilify
costs.Estimates are based '(s1.-1 distillation of data
from industry, Edison Electric Institute, Arthur D.
Little study, Energy Law (PL 94163), and assuming
natural gas wellhead oeregulation before 1980.

e

.64

Fuel Unit -

Natural 1,000 cu. ft.
Gaf

Coal 2,000 lbs.

\-*Fuel Oil

Prcoarie

Electricity

"'-t"

GatIon

Gallon

KV 1-i

Btu/Unit

880.000

21,000,000

135,000'

91,000

3,412

Table 1-1

15,

75

80

7 99

Cost*
Efficiency 7,ost Per
of Heating zar Million

(%) .,nit ($) Btu ($)

42.00

.38

.35

1.02. 1.45

3.08
Z.

3.75

4.77

.02 6.10

Predicted
Annual

Cost Increase
(o,)

17

15

20

7

Currently 71e cos otelectricIty per KWH is 2c in Fort Collins, Colorado; 3c in Columbus, Ohio; and 9c in New York
City.

The costs

Gas

Oil

Electric

this column take into consideration the fuel's efficiency of heating.

Table 1-2
U.S.Utility Rate Comparisons

(Residential averages)

0

I

Percentage
of increase
Dec. 1967.
Dec. 1975

$2.1%

130.6%

57.9 Vo

Cost of Million
Btu's- Present

Utility.
1973 vs 1975 Costs

$ 1.28 $ 2.33 $15.12 per
100 therms

$ $ 5.24 $39c gallon
(#2)

7.54 $11.91 4:8c KWH .

Projected 1980
Utility Costs

Dollars %
v;.

3'00%$45.36 per
100 fherms

$54.6 gallon
(#2)

6.3c KWH

40% .d)

28%
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/61 Couple the ;#bove ih(forination lit'i a pkediction
)

,Otthat all these fwelg (except 'electricity), will be .
euunavailable in palls of the United %West:at arlY

price for space heating, and electric space' heating will b,e4ar more costly; and 'solar space 1.

heating be. 3mes very, realis.and competitive. )

Pro r System\SIzIng S v Dollars

). (sized) for a building, its basic cost, can be
rr.-a solar hea4ingsigta is ndesigked

*minimized tr first reducing the heating4toad or
the building two a practical minitniith. 'For jtkarinplta;

?' a particular model acolleCtori may cost $14-.00
,per square foot. If 500 squarefeet were initial II re-
quired..for a specific hause: the investmotwourd
be $7400 f r collectors. If arladdi4onal 9500 Wor'tri'--`
of insulari n would reduce thel'equiredinurnberof \
collectors

-- ,s,

collectov cost would be :7)700' y%inu_s 1(350 X,
$14.00) or $21r,r). beduCtihc the $5ef0 additiolnal
cdst for the ia6ulation, th,ejaw-n-e-i'S net saving i) ----

fist .cost wil. IV be ,(30. Thus, the rna)6rnu \
iergy coSt_savings pqr unl of initial investment t.f:an bekraalized. os..uriless dictaakd by.unu.sual
actors, it is no practical` to size. collectors to ,...1-t

carry 100/0, of the l&lad, thereforEi..54-70teroent.a.e> ),
'he annual heating .requirarnants-ts.--a:practical,
and economical ran9e fcrytiwsolar heating
Han. .

.., , A
-.' Further items which might help influence ane .

individual to incorporate iolAr heatir1 into,thel
construction of.a,ho,rne would include the folwi' ! :.

ing possible cost savirrgs:. . .
1

1. Incorporation of `systenii\ into building de-
o total 350-aquare feet, the savingi sign. 0

tge

City and
-State

Bopton,
Massachusetts

Cleveland,
Ohio

Ithaca,
York

Lemont,
Illinois

Lincoln,
Nebraska

ford,
on

Newport,
Rhode Island

New York,
New York

Salt Lake City,
Utah

Sayville,:
New York:

State College,
Penrisylvania

Upton,
New York

i-a

Latitude
Degreps

°N Elevation

42

ik" 41

42

41

42
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1,329

60

Average
January

Tern ure
Degrees. F

January
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41.

41

,

41 1,175

4,227
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35
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28.4 511

35 583
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Ease of maintenance and repair. Warranties,
guarantees, reliable product servW, and re- 44,
laceroent\parts must,groW at a rate to sup-

port iestalled systems. .
-7 p ,

3. dost versiisIong-term. Consutrer edu- 3
cation is essential to showsthe merits of life
cycle costing (predicting how long the Nquip-.
Merit carte expected to operate before re-
pl'adement and what'the'real dollar, arriourit

.
*quid be) towther with lenders tilling tQL

.

capitalize/he solar equipment on- ctng fer.rn .

financing. This kind of, information is es-
IS'ecially important to mncercial` building

4Owners contemplating . design and con-
.

stpiction (or rerrodeling)4,6f large stritclures.

Safety, realiat1,114, and-,efficiency
heating and tooling hardware should be pro-
ven-to be at feast as safe, ref aole,'ard effi-
cient as conventional equipm -it.

Additional osts Beyond the System
Some f the factors which must be con-

sidered when ting a solar heating system are:

1, Cgatof solar astisted heating/cooling equip-
....ment.

2. Cost of au.xili ry energy.'

3. Cost of install

4. - Cost added to building
comodate the System.

Z. Property taxationiates.

'

'I 6.

.7. Cost of maintenance and servic= includ
replacement parts.

'8. Annual cost of insurance.

9. Credit for income tax savings.

Based on the above factors, it is essential that the
solar heating /solar cooling system provide the
maximum possible return for dollar invested,
These returns are based on savinas over the in-
stallation:operating, and servicing of conven-
tional heating systems.

Loan interest rate.

construction tot ac-

r

1.-13

diftn.atologicalConsiderations
.Further consideration must be given to thq

4lienatolz-gical characteristics in the, area under
consideration Th0phart in Table 1 -31s provided
to emphasize lat assumptions aboUt climdtZtogi-
cal character, sticsare'not always corfe_ct...

'By simp,1 comparing ci=frhich are found
in a 70`mile wide belt thot -'str frbrn coastl,e-
&Oast, a difference of 12'erl found in the avera6e
temperature for.the month of January ( Ithica, New
York's 23°F versus Medford, Oregon's 37.21°P). At
Ole same time and in this same belt,-January,

&o'er Btu's varied by 265/day. Medford, Oregon
low with only '43* Btu (although ith4a, New
Ybric is only 15 Btu's better at 449) while he high
side is held bytinct,41- Nebra'ska with 699 Btu's_

.

(although it saverage ilyeterriperatut5.during the
period-24.8°F-;--is only 1.8i 'F higher than Ithaca,
NewYork's 214F): The-point of this exercise iq
that ,many factors must be carefully, analyzed.
when climatologiCal-c characteristics are con-
sidered., Boston, Riassachusetts, receives 5"
more precipitation per year than the usually wet,
city of ;Seattle, Washington. Flagstaff, Arizona,

'receives an average of 96" of snow per year Which
is'rnore than B .rlington, Vermont's 80" average.
Since these -ar 'Dr's contribute tc the co f the
system, it bec mes increasingly impo nt, to
know 'the geogri.chical area you serve..
SUMMARY

1 A basic overview concerning essential solar
heating/sole- ccolin,g components and the eco-
nomic Cons.derations which nfluence a person
qgootemplatimg a solar energy system has been
presented. ne ,eed not spend much time at-
tempting to _,etc mine whether the utilization of
solar enerc Jr residential and commercial
heating is ne :essary or feasible. The lack of fossil
'fuels makeE imperative, to design efficient
heating systems which utilize solar energy,to pro-
vide for our neating and 'cooling comfort,

er



SOLAR RADIATI N
--, There are six basic,forms of energy usitefUl to

manchemical, radiant (solar), heat, 'nuclear,
mechanical, And electrical eneie. Heat is 'kn-

./ sigiered air3ter tormeof energry.:tince all othe
( forms can bee converted to heat fairly easily,

'the heat energy Cannot be, readily eonvert to the

a.

cQ

ME

. an idea df the lfat generatedtby t
the ve

eli'-ctj dent
paves, evident i

hand side which is &ark in e.her y,rnien .7.iy in
left:in tial scal `C O ti-1

Elritistithernaal unitstper hour per square foot [ptig
, (ft2 h)]. This scale, represents the amount of heat,

that would 'result if 3vIazies of a given wave length
were:completely absorbed, by a flat surface one
square foot in area for one hour. The higher the
curve, 'th.# greiter the peat. The instrument used
to measure solar enZrgy'is Catled,a pytheliometer,,
It icoli6ist`s of a very sensitive black: disc which

.,wheni,exposed to the. sun's rays, is:heated. The
black disc is connected to/one' end of a.thermo-
couple. As th'eAisc eatk,kritageris produlcd at

other forms.
The sun piiovide a 4Nigh0. con entrated'

sodffe of. radiant anerTy'which,can converted
to heat. Consider that the -sun I as projected ra-
diantenergy across 93 mAllio s to earth, ,arid
th510,earth offers only at very mal arc, et to the
sun's outgoing4energy. The tre endous total ,

--,--amoutlt of energy Which the sun us-t .be- giving
off can be fealized: Even thoOgh the earth's sOasre
of this radiated energy is relatively sr`nall, a great/
number of the earth's ingabitants are more than
casually interested inthe portion that our planet
manages to- interceet. .

ENERGY AND SOLAR RADIATION AND LIFE
,Life exists because of the sun's energy. Sun-

light that was received in pest ages is also the
reason for the-existence of our fossil fuelscoal,
oil, and natural gaswhich are now becoming in
short supply. Sunlight)is 'responsible for the ex-

'istence of living forms'of fuels, such as celluloses
and starches, and their by-prodatt alcohol, In ad-
dition to energy, the sun is responsible' for earth's
existing climate. As small as the interception of
solar energy by the earth may be, it is sufficient to ,

heat he atmosphere and keep the earthfrom turn-
ing int a solid, frozen sphere.

THE NATURE OF SOLAR RADIATION
What is the nature of the radiation received

from the sun in such vast quantities? For this
course, the su is a sphere, the outer _skin- tem-
perature of w,hfch is approximately 10,000°F and
from, which is emitted energy in the form of radi
tion. Figure 2-1 shows the electromagnetic spe
trum of the sun's rays and depicts seven different
types of radiation, although our interest only in-
'volves the middle three: ultr'aviolet, visible, and in-
frared rays. ThiS is not to,jrnply that.there are no
effects from gamma rays, X -rays, or radio waves, .

but these raysare not important-at present to the
heating and air conditioning industry..

THE COMPOSITION tirSOLAR RAYS
The radiant energy waves can easily be ar-

ranged in increasing order of wave length as illus-
trated in Figure 2-2. This illustration also-provides

0.

2-1,,

., Visible Rays 4/

GAMMA
RAYS X .RAYS

,ULTRA.
VIOLET
RAYS

Short Wavelengths

INFRARED
RAYS

RADIO
WAVES ELECTRIC

wAvES.

L6ng Wavelengths,

Fig. 2-1..The Electro-Magnetic Spectrum. Radiation from
the sun consists primarily of ultraviolet, visible, and infra-
red radiation.

1,Plitt1
SHORT

V iS.IflE warr.4
SPECTRUM'

WAVELENGTHS

Curve for
Temperature

of About 10,000 F

4

INFIPARRED.

RRE,AliON
LONG

Fig. 2-2. Radiant energy from e sun..
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the ottlbr end of the thermocouple .(just like ather-
.mocouple heated by a pitot '.Sipce the
voltageoutpy will vary with the t mperatur,e of
the disc, the output can be caliOra ed to indicate,
Btu's per hourzper square foWbf rtdi4lon falling
(See Figure 2231. /

ihFFERENT UNITS OF MEASURE
.'

The above description is an accepledrnanner
b4 expressing a unit of solar energyBtu/(ft2h):.
However, other units may be found wtiel reading*
solar data.,Now is ande4I'timie to leaieto recpg-

.

nine thesCunifsnd to be adle to conv ert from
pnb unit to another-The ipits 4re generally either
Effergji DensPty expressions orlPower expres'sions

6.6

and are usually-expresse as follows,:.

ABBREVIATION %UNIT

E ergy Sensity
st

B t t 2 British Thermal Units
_pe,r square foot

KJ/m2 Kilojouleppr square
/ meter . `

'Larigley (cal/cm Calories per
q

square
centimeter

Power

Btu/(ft h)

KJ/02.hy

Langley/min'

c
al

British Thermal. Units
pei square foot per
hour

Kilojoules per square
meter per hour-

Calories per square
centimeter per min-
ute

W/m2 Watts 'per square
meter

To convert these units from one set to another,
Use the follow g conversion information.

To Convert Into Btultta To Convert Into BtO/(fr, h)

Multiply By Multiply By

Langi6,s 3.6 Langley's/cnin 221

NJ/al' . 088 KJ/7-12, h 088

m2 318k

The followidt example sh6w ihv use ofithes
data.-Assume that thelannual average daily s ar ,

('radiation for Blackstone; Mdssabhuseits,'"is 3.2
Langleys, per day. To convert this tol3tu/ft2,..multi-
'ply by tht'ccinversion factor fox Langleys to Btulift..
which i13.69:

o

2.2

1
4,352 -( 3:69

Laotley's Conversion
day'. - Fact,pr

1 ,1 *7

SOLAR INTEAkSITY r

T hie Intensity Of the sun's energy output is.'
qt.jite cori,stant. JuSt outside the earth's atmos-
phere; this intensity has been determined td be
1.940 Langleystrrai (1,940 x 221 = 428.7 JEltur(ft?h)
at the average earth-sun 4iistance and i§ called
the "solallonstantl, w

The Solar Spectrum r
As mentioned earlier, the radiation from the sun`
can be separatedlinto three major energy regions::

1. The short-wave-length radiation at the left of
Figure 2-2 which is called ultraviolet or UV ra-
diation and is not visible to the human eye.
These are the rays that produce our suntan
or sunburn. A considerable amount of the UV
radiation \vhich enters the outer atmosphere
is absorbed there and does not reach the
earth's,surface.

ft?

( /299
Btugft24:1)

.

Blackened Disc
Becomes Heated by

Solar Energy

Fig. 2-3. The instrument used to measure
called a pyrheliortieter.,,

solar energy is



G t

*e
2. The micle wavelengths in Figure '2-2 are re- earth? Assume that-a house is,40 f et long by 30

..' _

ferred to as the visiblspectrum, since these feet wide and occupies a ground_ area of 1200
8;1e-the wave 4engths whidh cri be seen by L_ sgliare feet (30...\40 = 1200.1fnoring suCh factors
the human eye. Wl?,en this ,white Light. is as shadowS the sun will shine on-a minirrrtirr4 flat
passed thrlaugh a specially constructed, area of 120 ,share feet. On a clear day, at ndori,-..

, traingular piece,of glas's'called a prism, th4 the solar nergy?eceived by 1- squire-foot of flat 1
varying speeds at which .these wavelengths \ \ surface area is about-290Btulh. Thus, forlhe/1200
travel cause it to blifignaken into cojors that ..square feet of surfaoe, the tOtal.heat energy ab- it

p vary from-violet through the blues thild.greens 1 so/bid is 348,000 Btu/h (1200'x 290 348,000).....

to the reds..AS ind. ated by Fibure 2-1, the P How-much heat does represent? In prac-,

i .- visible, spectrum an extremely n'arroW tical terms, this amoup, of heat will,rnelt 29 tons , il °

i bar-d"when COM r d to,the.sultraviolet and of ice in onetay (12,11 Biu/h equals the cooling -

-.-.`. ., , the in,fritrel'qandS. 11' -1.v s.
capacity of One t9n of ice. Divcitte' -, 348,000 by S,

t
.

,
<

12,01% and the answer is 29i. This is.tiovv->an air ',.,'- .

3. The tong-wave-lefigth is referred t5).as / fra- elnditioner ets its -,(ton. rai,ing. F9rtunately, ia
*fed radiation 40), (or heat radiation, a Ou ngh houses are not greenhouies and are designed to

u the latter term is not ,good one nce both reflect 'away- most of 'this heat, SQ little sal* _.

.,i'1/4- ultraviolel-and lei/aced will heat an obja,ct. 41. ectergy gets inside of the houses.
. Oracfically n object .can be-considered to

be radiating infrared, even a cakeof ice. Th Monthly Variations ,. .

amOlint of infrared radiated will depend on Solar energy radiated to a/ horizontal surface.
the'liem's temperature:, Materials with atem- at any location on earth, a averaged overa month,:
perature. below 800°F emit only infrared, , shows a.month to month variation. This fact is
with no visible or ultraviolet radiation. Thus, due to.both seasonal changes in weather and the
the radiation emitted from surface tempera- changing angular relationships betwee 'e un
tures below 800°ris quite 9Iifferent in quality and the earth's surface! In the winter, 'thn is.
from the radiationof the, san. lower in the sky than in the summer. The resultant

angle between the sun and the horizontal surface
A solar collector absorbs radiation 'fromNII three reduces the portion of radiation intercepted by
of .these regions, The .ultraviolet and visible, as ' the surface. Figure 2-5 illustrates how the angle
well as infrared, are converted into heat on the of the sun to earth differs in summer and winter.
surface of the ccolleCtor. ,- /J.:- ,

-...., ,
This aspect can be seen in more practical terms in
Figure 2-6: a roof ovethang is used to reduce the

Energy Reaching the Earth, amqu, nt of solar radiation entering a house during
The energy reaching the earth ranges fro 75 theSiammer.-...

tq zero percentof, the :'outer space" value of op This variationlu, the sun's position in our sky
;perceQt..Fiorti miler space, the energy hits the trktrs because, as the earth follows its orbit,,the
per atmosphere and some is reflected back. Som tilt of the earth's axis changes our relationship to
which passes through is reflected by the tops of the sun. Generally speaking, the angle of the sun ..
clouds] by dust. The ozone .layer in the upper .

atmosphere absorbs much of the ultraviolet radia-
tion, while, carbon dioxide, oxygen, and water
;vapor also absorb radiation. Dust and clouds teat-
%ter, some of the Tadiation as illustrated il Figure

......
2-4. . 0 ,

Note that radiation is termed dtrect radiation
Cloudsif it, has not been scattered, diffuse if, it has. on (8cattering and

clear days, diffuse radiation may represent 10 per- Absorption)

cent (direct equalling theptAer 90 percent)of.that
day's radlaticrn. On cloudy day t,. diffuse radiation

represent all oithe solar energysavailaple for
1, . /- .

.
Diffuse Radiation

How Muc.h-SOlar Radiation ActualiSf Reaches Us? Fig. 2-4. Atmospheric Effects On Soler Radiation Reaching.
How. rriucti radiation! actually does reach the the Earth's Surface.

.- ',

Upper
Atmos here'\,

Dust
(Scattering)

Direct Radiation
o .

Earth

170-



above the hOrizOn at noon is about 25° in winter,
and 75° in summer for latitudes near 40°N as
shoWn in Figure 2-5. Since this angle differs as the
latitude differs, monthly averages vary in each lo-
citinty: Tabale 2-1 is included to show monthly varia-
tion as on horiiontal surface for selected cities in
the United States. Note, for example, that Chi-
cago averages considerably less solar .radiation
than Tucson or Miami in December. Solar data for
a number of cities are listed in Appendix

' Hourly Variations
Another item for consideration is the hourly

position of the sun, which is clearly illustrated in
Figure 2-7. Summer days have-more hours of sun-
light and the area exposed to this solar radiation
is greater.

Early morning sun is at a very low angle and
the olar rays must pass through a larger thick-
ness tmosphere than at noon time (see Figure
2-8.) This is a prime reason why noon sun is
"stronger."`If the sun was tracked with a pryhelio-
met4r throUgh the day, the Btu's received would
Vary in amanner shlown in Figure 2-9.

If spier energy received each hour was
plotted on a fixed horizontal surface that same
day, the pattern would be indicated by the solid
line in Figure 2-10.

As expected, the greatest intensity still oc-
N ,,curs during the noon hour, but the energy received

by the horizontal surface was less than in the pre

December 21
1

1

1

1

Fig. 2-5. SUN'S position in sky affect
%

amount df heat
absorbed. Winter sun is hotter_ but tower in the kicy than
summer sun. Angles shown are for -40 deg N Iktitude
(Chicago).

4

Latitude

Shade Lines at Noon
1 :

1

Fig. 2-6. High, summer sun is block out by roof overhang
while in winter, lower-iun permits rays to penetrate house.

. CITY DECEMBER ,MARCH JUNE SEPTEMBER

41 52 Chicago,- Illinois 280 , 836 1688 1153

32. 13 Tucson; Arizona 1093 2010 2610.1 2139

38 54 ,.Washington', D.C.. 541 1178 2054- 1351

25 '47 Miaini, Florida 1174 1808 1955 1646

64 50 Fairbanks, Alaska
.

22 858 1940. 677

34, .30 Los Angeles, California 905 1690 2272 1855

Table 2.1

Monthly Variations'in Energy OIT>Horizon I

Surfacerin Selected United States Cities (Btu/ ( t2d)
.

2.4
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Sunset Sunrise

Sunset 2 10 Sunrise
t.

Noon
December

Noon,
June

Fig. 2-7. With the sun higher in the sky in suininerthere
are more daylight hours in summer than in winter. Note
time of winter and summer sunrise and 'sunset.

Short ath o,f Sun's Rays atNobn

Long Path of Sun's Rays
During Morning

....

vious case when the sun was tracked (dotted line
is from Figure 2-9). The curve indicates the read-
ingg were taken on a clear day since it is smooth.
The presence' of clouds would have caused
breaks in the carve.

(
Vertical Surfaces . .

While roofs are generally considered to be
horizontal or tilted surfaces, building walls are
not. However, walls are able to absorb solar radia-
tion just, like horizontal surfaces. The only differ-
ence is that their exposure time topthe sun's rays
are different. (See Figure 2-11.) Another item of in-
terest in Figure 2-11 is that the north will is not in-
cluded. But, since the north walls of buildings in
the northern hemitphere are not exposed to direct
solar radiation in winter, a reading would prove

Bless since it would be a flat line zero. North
wallus) can receive some diffuse radiation, hiPw-
ever; thus, the surface direction (nor.th, south,
east, west) and surface till (horizontal, vertical,
etc.) all affect the amount of solar radiatioh ac-
tuplly intercepted. '-' a

.

/Earth's Surface Collector Tilt , r
It is advantageous to tilt the solar collector

so that,it is perpendicillar to the sun's rays as il-
lustrated with the pyrheliometer ( Figure 2-3). Fig:
ure 2-12 further illustrates this advantage by
show,ing the increase in energy intercepted when

..
,

J 441- a collector is tilted from the horizontal. The opti-
.

mum tilt occurs when the angle of the collector isFig. 2-18. Interception of sun's rays by earth's atmosphere.
the same as the incoming radiation. The max-
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were to track the sun across the sky, but tracking
collectors are very costly and bulky for home in-
stallation.

The rule generally followed for the tilt of the
collector in the northern hemisphere is to face the
collector to the south. The angle of the tilt is lati-
tude plus 15 degrees for heating or minus 15°
degrees for cooling. For example, Woonsocket,
Rhode Rhode Island, is located directly on
latitude 42°N. If a collector were positioned for
healing, its angle would be ,57°
(42° + 15° = 57°). If positioned for -cooling, the
collector's. angle would be 27° (42° - 15° = 27°).
When the collector is to be used for both heating
and cooling, a reasonable rule is to have the angle
of the collector equal the latitude. Thus, for Woon-
socket, Rhode Island, the angle of_the collector
used for both heating and cooling would be 42°.

Collector Orientation
Since maximum solar intensity occurs at

0

O '
230
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i30
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I
z, 100

C

C

C

(.0 -

300

East Wall
....

e
.....,

e ,

West Wall

/
/ .

%

t
1

/
/

\
South
Wall
II

/
prilLIONNIMI

%

1/
It

/6./
.

41 ,
t.
--
\
\.

6.6 AI II A M 10 A.M. NOON

Sun Time

Fig. 2-11. Solar radiation falling on 'a:building's walls in
summer. Note times, of maximum intensity.

P. M. P. AI, 6 P.M.

45°'

Addition& Radiation
-- Intercepted

(a) (b) (c)
Collector Tilt Angle 0° Collector Tilt Angle 45° Collector Tilt Angle 75"..

Fig. 2-12. Effect &filling the collector on energy inter-
cepted.

noon when the sun is due south (in the northern
hemisphere), a collector &hould face directly
south. If building conditions make ttiis impos-
sible, a variation of ± 15 degrees can be tolerated
without serious effect on the solar radiation col-
lected. Keep in mind, however, that an orientation
15 degrees east of south will advance the time of
peak collection one hour. A similar orientation 15
degrees west of south will delay the time of peak
collection one hour. FOr example, if the collector
location is partially shaded in the early morning,
aiming the collector west of south would de-
crease the morning collection while increasing
the better afternoon collection.

Collector potential
Table 22 providbne manufacturer's exam-

ple of maximum heat output from a single 27
square foot liquid "cooled" flat plte collector for
winter months in selected cities. Values are in
thousands of Btu's (per month). Utilized heat
would be somewhat less depending on building
load and storage losses. (Note: Collector output
varies with different designs. This is only one ex-
ample.)

How does the co llector output compare with
a building's monthly needs? Consider a well in-
sulated house of modest size located in Colum-
bus, Ohio, with a design-heat loss of 36,000 Btu/h.
The home could require as much as 14 million
Btu's in January for heating. From the following
Table 2-2, this particUlar collector panel during
January in Columbus could provide some 280,200
Btu's at best. Therefore, 50 of these collector
panels would'be needed to satisfy the total Jan
uary Btu load on this housean uneconomical
solution.,

North

Collector
Collector

(****ft

West

15. T*7-15°-,fr, \
.1- 1

1 I LI.I. \\I\
South

Fig. 2-13. Facing collectors other than due south has
modest impact on energy collected. A 15 degree variation
can be tolerated.
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Practical Data
The amount of potentially useful solar energy

reaching a surface through clouds, haze, and
other atmospheric barriei.s varies from location to
location, month to month, day to day, and hour to
hour. Fortunately, heating technicians need not
be astronomers and track the erratic movements
of the sun. The heating technician need only be
concerned with specific monthly averages in a
given location to design practical systems by any
number of suggested procedures.

SUMMARY
The first unit of this course has. now been

completed. The purposes were to develop an un -.
derstanding bf why solar energy is so important at
this point in our history, what constitutes a solar
heating and solar cooling system, and the basics
of solar radiation. These understandings are nec-
essary for progressing further in this course and
when learning how to apply this knowledge in the
design and installation of solar heating-systems.

Table 2-2. Example of collector output, Btu/month/panel.

. ,

MONTHLY OUTPUT,/COLLECTOR PANEL - MBTU -

°Litt.
North Location

Colic.
tor
Tilt

October November December .January February March April

48.2 Glasgow, Montana 60° 496.2 338.8 264.3 333.6 , 436.7 536.7 450.5
43.6 Boise, Idaho 55° 543.2 387.4 288.3 313.1 404.4 494.4 481.9.
40.0 Columbus, Ohio 55° 420.0 257.9 259.3 280.2 312.1 394.0 360.8
35.4 Oklahoma. City, Oklahoma 50° 637.3 554.2 508.1 504.6 494.2 556.3 481.9
40 Salt Lake City, Utah 55° 536.6 407.4, 392.2 345.4 406.6 475.3 440.4
29.5 San Antonio, Texas. 40° 660.6 537.6 497.3 527.5 529.7 590.8 484.4
32.8 Fort Worth, Texas 45° 668.8 579.8 498.6 488.8 497.4 598.6 511.6
40.3 Grand Lake, Colorado 55° . 509.9 386.4 370.4 390.8 450.9 410.5 415.0
42.4 Boston, Massachusetts 55' 425.4 307.6 279.1 303.0 319.2 389.7 339.8
27.9 Tampa, Florida ' 40° 660.0 . 656.6 610.0 646.7 . 608.0 670.0 578.0
33.4 Phoenix, Arizona 45° 777.0 663.0 . 589.7 606.2 655.7 756.0 , 678.0.
33.7 Atlanta, Georgia 45' 566.3 489.5 422.7 423.8 441.7 . 518.0 499.0
35.1 Albuquerque, New Mexico 1 50° 719.2 60.7 . 580.8 ,604,9 592.9 682.3 588.0
40.8 State. College, Pennsylvania 68,0 468,6 307.5 255.8 . 280.Q 312.9 405.8,_:;, 375.6
42.8 Schenectady, New York 55' 381.8 242.1 315.1 2811 . 317.9 , 365.2 319.5
43.1 Madison, Wisconsin 55°, 465.5 306.7 293.9 321.0 343.5 442.6 , 370.2
33.9 Los Angeles, California 50° 604.3 577.2 540.4 . 535.4 556.8 633.0 482.9
45.6. St. Cloud, Minnesota 60° 419.8 309.3 274.4 362.7 416.3 ,,- 482.6 381.6
36.1 Greensboro, North Carolina 50° 537.8 465.1 . 396.0 409.5 430.2 481.4 456.4
36.1 Nashville,' Tennessee 50' .556.0. 424.0 354.5 325.7 380.7 456.8 438.2
39.0 Coltimbia_Missouri 50' .559.1 438:7.; . , 339.3 .356.7 390.9 . 485.7 440.9
30.0 New Orleankipuisiana 40° 589.7 506.8 ;1 390.5. 415.8 396.6 473.5 448.2

.32.5 Shreveport,11111111siana 45° 590.4 475.3 41.9.6 ' 459.6 452.0 534.7 461.1

42.0 Ames, Iowa 55° 378.4 - 262.9 197.7 238.2 294.9 368.2 . 354.7
42.4 Medford, Oregon 55' 455.1 298.4 213.4 255.8 343.4 434.1 412.3
44:2 Rapid City, South Dakota 60° .550.9 436.3 383.3/ .405.1 453.2 518.0 420.3
38.6 Davis, California 50° 719.3 536.9 401.3 448.9 515.6 '666.1 647.2.
38C Lexington, Kentucky 50° 616.5 477.4 377.8 359.6 411.1 : 487.5 479.9
42.7 East Lansingi-Michigan 55' 415.0 261.7 230.1' 247.5 314.2 387..4. 313.4
40.5 New York, New York 55°. , 505.8 389.4 328.0 357.1 396.6 , 451.9 381.8
41.7 Lemont, Illinois 55° 477.1 352.7 - 321.4 343.6 373.9 450.3 365.4
46.8 Bismark, North Dakota 60' 491.1 346.6 279.9 335.61. 405.7 '476.6 .- 411.9
39.3 Ely, Nevada 55° 636.7 559.0 475.8 481.1 512:4 597.5 483.4
31.9 Midland, Texas . 45° 651.5 596.2 540.7 543.0 .543.1 648.9 562.1
34.7 Little Rock, Arkansas 50' 578.4 470.0 400.0 383.6 408.1 486.5 435.4
39.7 Indianapolis, Indiana - 55° 501.7 354.3 293.2 300.1 332.1 417.6 360.4
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SOLAR COLLECTORS
The collector is the "furnace" of a solar

,heating system. This is the component which is
exposed to the solar radiation from the sun and
starts the process of harnessing solar energy into
a reliable heat source for homes, business, and in-
dustry. Of all the eleMents in a solar assisted
heating system, the collector is the component
least familiar to the heating and air-conditioning
technician. For this reason, it will be considered
in some detail.

SeVeral phenomena in nature compare to the
collector principle. One example of solar radia-

.

'Direct
Sunlight

. Rresnel
Lens

tion collecting is that of the almost unbearable
heat that is felt When entering an automobile
which has been parked in the sun with the Win-

'dows closed. Solar energy liaspassed through
the glass and has been absorbea by the fabric,
metal, and/or plastic parts inside the ear, then re-
radiated as longwave energy which now cannot
escape through the windows and is trapped as
heat inside the car. As a result, ark-colored up-
holstry or other components li the dash or
steering wheel may be extremely uncomfortable
to touch.

The same scientific phenomenon related to
the conversion of solar radiation into heat in your
-sun-baked auto occurs in a solar assisted heating
,system. A specially designed component, called a
solar collector, efficiently converts trdp,ped solar
radiation into, a useable heat source.

Reflective
Surface

Morning
Sun

Instklation

J

Afternoon
Sun

,(Northrup)

Figs 3-1. Cross section of cgncentratin9 collectoi.

3.1

West

\Fig. 3-2. Concentrating collector tracking sun.
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TYPES OF SOLAR COLLECTORS
There are two basic types ofsolar collectors:

the concentrating collector and the flat prate col-
lector.

Concentrating tollgctors are shaped to
"gather".direcf solar radiation and produce high
temperatures. They util& the principle-of focus-
ing only the direct radiant energy by means of
lenses or reflectors on a small absorber area to
collect heat energy. In order to function properly,
the( concentrating collector must track the' sun.
This is done by mounting the device on a pivot-so
the collector can be moved to point toward the
sun as it-moves from the east to the west horizon
during the day. .

Flat plate collectors are termed low
temperature collectors (Figure 3-3) and will func-
tion at various levels of effiCiency depending on
the time of day (position of sun) and ambient con-
ditions (sunny to cloudy 'weather). They are per-
manently mounted in'a southerly direction in the
northern hemisphere elan angle to optimize col-

,

Fig. 3-3. Flat plate collector.

3.2

lection and "absorb" both direct and diffuse
raZekivil for a specific geographical location as
discussed in Lesson Two.

. Each collector configuration has its own
relative effectiveness and efficieno,rFor this
course, the study of VIleators will be limited to
the 'flat plate solar collector. Factors such as-the
state of the art and costs have made these
devices more popular for comfort heating.

WHAT DOES THE FLAT PLATE SOLAR COLLEC-
TOR DO?

J A flat plate. solar collector. intercepts the
solar energy from 'the sun and converts it into
another form of energyheat. This conversion is
achibved by absorbing the sun's radiation into a
thin black metal surface. The heat -is conducted
through the metal into a fluid medium (liquid or
air) which transfers that fluid by a pump or fan to
another part of the heating Sj/stem.

To better understand how the.collector func-
tions, study Figure 3-4 and learn the terms to be
used in the following discusSion.

Solar radiation strikes the transparent Cover
of the collector. Some radiation is reflected and a
tiny amount absorbed, but most is transmitted to
additional covens where reflection, absorption,
and transmission are repeated. the radia-
tion reaches the absorber, which is usually made
of metal. Here, the solar radiation is almost totally
absorbed and heats- the metal. The metal con-
ducts the heat into the transfer system which cir-
culates either a liquid through tubing or air
through a duct to other sections of fthe sole\
heating _system. The insulation betlind the
transfer system .restricts heat loss \through- the
back and sides of the frarne: Excessrve heat loss
through the front of the frame is prevented by the

.4"

I Direct .
Solar Radiation

Reflescted R.adiation

4 4 4 Transparent Cover(s)
(one or more)

.): iTrans fittedt Heat Transfer System
1

0 Absorber
...ti .11 ,...101111m110 Plate

1 . i . -'... ,::: . !Insulation-. ".
,. . ,(

./ t,
:006 w

II LI 1 MO 1 WWI Frame

Fig. 3-4: FlNat.plate collector terminology.



cover(s) and air space(s) between covers m
like the thermal effect of double glazed window

When the solar energy (composed of ultra-
violet, visible, and infrared rays) passes through
the air and glass and strikes the blackbody, the
waves are absorbed. At this point, a phenomenon \
called 'wavelength donversion occurs. Some
energy is reradiated from the absorber-as long-
waves and strikes the inner surfaCe of the trans-,
parent cover. The composition of the glasS cover
causes it to be opaque to most Iongwaves and the
heat is trapped and therefore is not lost. (Thl also
explains the heated Intellor of a closed auto-
mobile parked in the sun). This so-called "greet)
house" effect can tleexplained by referring to Fi§-
ure 3-54

A rettiohship between radiant energy dis-
trIbutio4 tu/ft2) and wavelength was shown pre-
viously. in Figure 2-2 in Lesson Two. Now, in ad-
dition to the curve for the sun at 10,000°F, the en-
ergy distribution for a fireplace (approximately
600°F) and a Collector surface (assumed to be at
200°F) has been added. 4

Note that, as the tempe'rature of the radiating
body decreases, the curves ,shift toward long _

wavelengths. A fireplace gives off some radiation,
in the visible range, but a surface at 200°F emits

Ultra- Visible
Violet Spectrum .

Short Wavelengths

)

Infrared
Radiation

Long

Fig. 3.5. Shift In wavelength toward Infrared as temperature of
surface decreases. Collector emits In Infrared range which is
absorbed and re- radiated by glass.

3-3

only invisible infrared radiation which cannot be
seen by the naked eye. In fact, any surface at
1000°F or less radiates entirely in the infrared
range. Here again, the glass is essentially opaque
to infrared or longwave radiation, and the long:
waves are absorbed by glass. Then, some are re-
radiated back toward the absorber rather than
allowed to pass through the glass.

.,..WHAT ARE FLAT PLATE SOLAR COLLECTORS
.MADE OF?

To further develop the understanding of solar
collectors, a more detailed explanation of the,
materials used to manufacture collectors are now
presented. Keep in mind that the technology of
solar collectors, as well as the whole field of solar
heating, is advancing. As a result, solar heating
components-and systems will continue torider-
go change at a fairly rapid rate based on research
and the development of products and processes.

Transparent Covering
One or more transparent covers may be used

on a collector. The optimum number of covers is
determined by the collector design, collector use
(heating/cooling comfort), and the annual, aver- r
age outdoor temperature for a specific geo-
graphic area. No covers may be needed where
average annual temperature readings are above
70°F because relatively little deviation will occur
from comfortable temperatures. Two covers are
required where the temperature averages 50°F or
below for the year. While each cover reduces fron-
tal heat loss from the collector, each additional
cover also, reduces the amount of solar energy
transmi4t,e, td some extent, so corn-Promises in
collector design rriust'b made.

Materials, Used. From outward appearances,
it would seem that both plastic and glass would
be acceptable materials for collector cover con-
struction. They have many of the same character-
istics of light and heat transmission. However; in-
terior collec)or temperatures can easily reach
300°F; this would cause deformation. of some
types of plastic materials.

Several methods are-being researched to in-
crease "solar" efficiency of glass. One method is
to reduce the solar energy reflected from the sur-
face of the top glass. Another concept is to use a
low Iron-content glass that will absorb less en-
ergy. ,A third approach would be to coat the lower
surface of the plate nearest the absorber with a
Substance that would help- redirect more long-
wave radiation back toward the absorber plate.

Cover glass must be selected that will be
stable in thd outside envirrment-lt needs to be



tempered in order to withstand abuse from wind,'
fain, hail, icy, air pollutants, and vandalism. A
wire mesh can be used to protect the surface
trSinst flying objects but the efficiency of the col-
lector will probably be lowered.

At the present time, glass is the principal
material used to glaze flat plate collectors. How
ever, a. few varieties of specialized plastic ma-
terials can be used. The second cover may be
made of heat resistant plastic.

L

Another collector design
'blackened aluminum 'sheet

0.11grfrOwon4Forn)

s copper ,tubes and
ded to the tubes.

a

Space Between Glass Plates
The air space between glass plates must be

effective in preventing excessive heat loss (from
collector out to surroundings). Therefore, each en-
closure between the plates and the absorber must
have nearly an air-tight sepAraition. This may be
accomplished by installingApRible rubber mount-
ings or using other sealinjtechniques.

An evacuated space between glass plates
might prove very effective, but presently it is not
practical in conventional sheet configuration.
(Note: "Thermopanti" or double glazed windows
contain dry air or low conductance gas between
paneshot a vacuum.)

Absorber Plate
Absorber plates are referred to as "black-

bodies" because, in theory, they totally absorb all
visible light radiation and the color black repre-
sents the lack of visible light reflection. There is
no such thing as a perfect absorber or a surface
which abdorbs all the radiant energy falling upon
it with none being reflected. Beatuse about 40%
of solar radiant energy is in the visible range (5%
in ultraviolet, 55% infrared),-the dOlor of a surface
can be important in determining the amount of en-
ergy absorbed. Figure 3-6 shows a comparison of
surfaces colors and the percentage of solar radia-
tion absorbed by each of them.

Figure 3-6

,-Note in Figure ;-6 that a black surface absorbs
92% of tl)e ,radiant energy while a white surface
onlfabsorbs 40%. This is why a blacktop parking
lot is so hot under foot and outdooi`ttorage tanks
are often painted white or are covered with a
bright shiny surface to minimize heating the con-
tents inside the tank. The, heat absorption prin-

-1011n Brawl

One method of making an absorber panel is to bond two
sheks of copper or aluminum 'together and then expand
certain areas to form channels for fluid paths.

3.4
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Black 0.92

Tied, Brown, Grben 0 73

Yellow 0 60'

White, Light Cream 0.40 Mill

Dull Metal 0 52

Metallic Paint 040 MINI
Polished Metal

Highly Polished Metal' 0 25 111

Fig. 3-6. Absorption of solar r diction by different surface!



cip explains why absorber surfa s in a solar
ctor usually have a black fi sh.

. The most universally use inish on absorber
plates is flat black paint °ye_ a primer. This prac-
tice has been found to be very suitable for large
temperature ranges and is very durable for long
periods of Mime.

Factors other than color coritribiite to the op-
erating 'efficiency of the absorber prate. While ab-
sorbing solar enera, the temperature of the ab-
sorber plate rises and the absOrber itself becomes
an emitter (sender) of radiation. To 'minimize the
outward loss of heat radiation from the hot ab- .

sotber, glass plates,gare depended upon to absorb
the longwave radiation. Remember that glass is
highly resistant (opaque) to longwave or infrared
radiation and that most plastics are not as effect-
ive as glass at absorbing radiation from the ab-
sorber. To increase the greenhouse eff*t, some
absorbers are coated with materials ,oer than
paint which are called a selective surface. These
special coatings impede the reradiation of infra-
red evergyzfrom the hot absorber and therefore.re--
duce heat loss of the collector. As in most in,.
stances in applied technology, selective coatings
have their drawbacks too. For one thing, they also
affect to some extent the total energy abSorbed
by the surface; they are expengive, and their life
expectancy is still undetermined. Therefore, black
coatings are generally applied to the commonly
used aluminum, copper, arittir steel plates when'
theyare manufactured

Othercharacteristics of absorber plates in-
clude: (1) absorptivity approaching 95%, (2) mini-.
mum thermal resistance between the plate and
the transfer medium, (3) maxirhurn thermal con-,

duction between the plate and transfer
medium, and (4) emissivity of infrared rays from
-the plate to the transfer system.,

Coating materials are manufactured for var-
ious purposes. The most universally used is flat
black paint over a primer. This has been found to
be very suitable for large temperature ranges and
durable over long periods of time. Alternatives for
paint, still being researched, are called selective
surfaces. They contain many of the essential ph
sical, optical, and thermal characteristics bt5lt
have'been considered (1) nondurable over a perio
of tire, (2) high or speculative in cost, (3) gen-
erally unavailable because of the appkicatie.pro-
cess, (4) unproven in their performance, and
(5) not that much better than paint when they are
evaluated. a '

Heat Transfer $ystems
Transfer systems refer to the method of mov-

F

ing a heati4ick-up" fluid through air or liquid col-
.

lectors. These carry away th'e heat for delivery to
other components for direct heating or for. stor-
age. Since the operation of ttie entire system will
be discussed later, on y the design of the heat
transfer system involvin the collector wip be de-
scribdd here.

Air Collector System In an air collector, air is
forced through the collector b* means of a con-
ventional furnace-type blower. Figure 3-7
lustrates several different types f air collectors.
The major differences exist in th design of the air
heating space by having metal fins, black gauze
or glass plates which' increase e internal col-
lector surface area with which the r makes con-
tact and thus improves efficiency:

Diagram A illustrates absorber -to -air, channel
heat transfer with unrestricted air flow. The
others, with the fins, gauze, glass plates or ir-
regular metal surface, increase the,metal-to-air
heat transfer surface as well as create air turbul-
ence to aid in conducting heat. Collectors of the
styles B, C, D and E also impose greater resis-
tance to air flow and thus require.a more powerful
fan capable of moving a greater number of cubic
feet per minute '(CFM) of air.

_.4,0coot-

Smooth Plate
Air Heater 'Finned Plate Air Heater

°

Matrix-Type Air Heater,
Usi Black Gauze

Air
Flow

AirFlow Area

LOF-Type Air Heater Using
Overlapping Glass Oates

Air
In

3.5

Side View Clear Glass

Vee-Corrugated Air Heater
With Selective Surface,

110 Insulation

Air Flow Area

Black Glass

Fig. 3-7. Typical air collectors (cross section).
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Fluid Tube

Serpentine
(A)

Fluid Tube

Grid
Direct Return'

(3)

Fluid Tube

Plate

bl*

Plate

Grid
Reverse Return

(e)

-

re

Fig. 3 -8. Basic flow patterns for liquid collectors.
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In an air system, ductwork requires con-
siderable space and must be well insulatec. There
are no treating, corrosion, or,structure damaging
leak problems-With air collector

Liqt(id Collector System. Mo ng a liquid
throUgh -4. collector presents a numb of .design
problems. The collector design must 9:vide for
uniform flow through the collector by the'specific
way the tube configurations)re attached to, or
have been manufactured as, ,an integral part of
t absorber.

The serpentine design (A) in Figure 3-8ft.is
easier to construct but imposes high resistant to
fluid flow. The grid direct return (B) design has
balancing 1)oblems such -as %conventional
hydronic system piping have. Valves and/or tube
constructions are used. to eqUalize flow. The grid
reverse return (C) design is probably the most ef
ficient. In this design, the flow is evenly
distributed through the tubes when the pressure
drops through the headers is less than 10 percent
of the drop in the tubes. .

There are a number of tube designs currently
being used in liquid transferring collector plates.
Sorhe styles of-C011ectors are used for pressurized
systems (iated at 125 psi maximum working pres-

SectionA-A Section B-B

Cross Section Showing Fluid Passages

Fig. 3-9. In _reverse return -attern, the pressure drop
through the header must be less than 10 percent of e
pressure drop through the bes to provide even i ibu-
tion of liquicl flow.
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sure) while others are for low pressure and ttier-
mosyphon systems ,(rated at 30 psi maximum
working 'pressure). With the exception of Dia-
gram I and J in Figure 3-10, the fluid travels up-
Ward as it heats. The Thomason System is ,a
trickle type with water being heated as it flows,
exposed to the sun, down through the troughs.

A critical problem in the manufacture of ab-.
sorber plates is that of being sure the fluid tubes
are thoroughly (a'nd permanently) bonded to the
plate,fwhether their passage way is above, within,
or below the absorber plate. Otherwise, heat
.transfer from plate-to-tubes-to-fluid becomes im-
peded and results in lower collector efficiency.
Some designs feature liquid paths formed as an
integral part of the absorber.

The most critical concern with liquid collec-
tors is with the possibility of freezing. This is par-
ticularly true when ordinary water -is °used as the
circulating fluid. If the pipes leading to and from

s in Black Plate
Cover Glass

the collector freeze, and if the sun heats the ab-
sorber plate, the liquid trapped in the collector
will get hot and possibly boil. Asa result' thee thin
metal tubing in the collect& may rupture. In cold
climates, an antifreeze solution 9r a:special heat
transfer fluid is used to preient freeling in
systems ttfat do not feature a drain-down arrange-
Ment. There w4I be more discussion on this later.

Another i:roblem with he liquid system is
that the flow of liquids in , e collector ac-
celerates corrosion. Electri can occur when
dissimilar metals such as copper, aluminum, and
steel are connected together. There are some
special problems in using aluminum for pipes,.
plates, and other components. Ethylene glycol
with special inhibitors must be used. Also, the.

'reaction of copper and iron with aluminum causes
corrosion of the alumirium. To counteract this car-.

Tubes Bonded to Upper Surface
of Black Plate

Insulation

Rectaniglar Tubes Bonded to Plate

s
Tubes-Fastened to Lower
Surface of Plate

B Wired Pressed Clamped

orrugated Plates-Fastened Together
Corrugated Sheet Attached
to Flat Sheet

Rivets

Cor ugated Sheets Fasteried Together Flat Plates-Dimpled and Spot Welded

G

Thomason System
Water ,Flows in

Troughs

Co rugated Aluminum

Welds

Spot, Welds

Hay System-Movable Insulation

Wa er in Thermal Contact
With Ceiling

Fig. 3-10. Typical liquid collectors (cross section).
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el.rosion, special precautions must b taken which
are discussed in the Installatiorrsection.

Insulation
The purpose for insulation on the sides and

back of 94 transfer system is to prevent neat
from escaping through the frame. The insulating
material should have low thermal conductivity,

bulk density, and high melting point. In-
.

sulating material should also be resistant to rot,
weather, insects, and rodents. garjous types of
fiberglass and 'polyurethane folm . meet these
criteria.

Frame
The, frame or bolt in whiCh the transparent

covens), absorber plate; transfer system and in-
sUlation rare pacVd must be sealed against
weather and climat'b. The frame must expand and
contract with the rise and fall Of external and in-
ternal temperatures. Such movement is neces-
sary in order to Maintain the necessary support
for the internal comNpnents as well. as Ofie air-

-tight seals between the various pari-s. Thus
frames may be made from galvanized steel,
aluminum, or fiberglass. They may be built-in (at-
tached directly to the roof framing material on the
building) and actually become an integral part of
the roof although this may pose repair and
replacement problems. Free standing frames, at-
tached to and elevated above roof, are also used,
especially where the collector frames are install-

Outlet at
13 Roof Peak

e on an existing structure. Frames are oriented
wit the inlet onihe eave end of the collector and
the outlet-up toward the peak of the roof as jl-
lustrated in Figure 3-11.

H9y/ EF,FICIENT IS A FLAT PLATE. SOLAR COL"-.
LECTOR?

Evaluating the efficiency. of a collector is a
matter of determining how well the coctor does
whit jssjii signed to do. Fronithe dfscussions in
this lesson, it can be deterrhined that the efficien-
cy of a collector is established by how much solar
energy is transferred to the circulating fluid. That
is:

Btu/h Output
Efficiency ± Btu/h Input

Since there are many variables ipVolved, deter-1
mining a single point rating of a collector is not at,
tempted at,, the- present time. ASHRAE Staridard
93-77, details methods of testing solar coltectot,
and establishing collector .efficiency.

Figure 3-12 shows atypical representation of
a solar collector's instantaneous efficiency. Note
that the collet or efficiency is not !constant fac-
tor but varies with conditions. First, if the fluid in-
let temper ture and solar intensity are constant
but the° tdoor temperature decreases, the effi-
ciency of he collector decreases. This is a result
of greater heat-loss in a colder environment. Also,
if the fluid temperatureentering the collector be-
comes warmerll the, collector efficiency will de-

:crepe. In other words, the hotter ,the'collector
',gets; the lower its oOerating's effikncy :will,.

° becorhe. sec..

The value of the slope (rise over run) of the ef-
ficiency curve and the value. of the intevept
(where curve meets vertical scale) are two vey im-
portant characteristics of a solar collector. These
values are used in all basic sizing procedures to
determine how much collector area is needed to
supply a given number of Btu's.

The slope and intercept are often listed 'n a
collector manufacturer's literature under pert r-

mance characteristics and the following mathe-
matical terms:

Inlet at
Roof Eave

Fig. 3-11. Collector is mounted with thiw
Cloward root peak.ita

direction up

FR( r a )n equals the intercept.

F- equals the slope

The value of each of these termg can be ob..
tained directly from the efficiency curve whenever
fluilrternperattlfe "in" is used in the term (Fluid

R L
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Intercept = .65

"Instantaneous" Efficiency
at Solar Noon
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I 1

I 4 Transfer Fluid Flow Rates .

to I 1 : There Is a practical range of liquid fir rates
-1

1 1

through a soleir collectorIncrusingflocwoslovcesoale1

certain value does not measurably
1 1

lector heat output, but circulation rates "low a ,).6 .10 specified minimum will cause collectOr-outNit to t'

effective heat transferwhere a minimum flow for=

fall off significantly. This is roughly.arialogo
water flow rates -through. hydronic baseboards,

is established, and a reasonablq maximum value
Fig. 3-12. Collector efficiency at solar noon. exists beyond which no real gains ere accorn-

plished. Typically, fluid flow is .02 gpm (gallons
per minute) per square foOt of collector.

, 2' For air collectors, a typical range is fr°11-1 2-3N".,oon P.M. - c bic feet per minute (cfsnl per scluare -foot. 180tii
air and liquid collectors operate at similar tern ..
perature levels, with absorber plate tefriperatures
typically at 150° F depending on the sOiar

(65-.133)Slope: .646
.8-0c -

5.

',..

in.7.Ambient air)/Solar Intensify as -ptotteci along 0:
the horizontal scale in Figure-3-12; i

For a fixed-flat plate collector, tile effiCiency
becomes less as the un moves across the sky

collector S. -R-
aecreases, as illustrated n Figure 3 "13 This e-
and the angle betwe.en un and cella urrece

ficiency loss -4sulls frOm reduced .interception
and greater reflection. ,

Most data about collector effibiencies repre-
sent performance at or near solar noon' When the
sun is most nearly over the collector. Thus, do all-
daj, oran average collector efficiency will.6% less
than the publisheriyalue.

. In lieu of a standard rating, collector 1)-lenu.
facture test reSUrs should, at least, provide I t s as
conducted in conform ce with. AslARAE stan-
dard 93-77.

70

U
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2

Fluid in (R Ambient Air (F)
Solar Intensity (STUN/ft')

0

Noon 1 p.m. 2 p.m. '3 p.m. 4

Time from Solar Nor

Fig. 3-13. Efficiency of fixed collector decreases as the
sun "moves" across sky and the azimuth angle between
sun and collector surface decreases.

ty.
<6,

SUMMARY
Solar colleCtors are,the "heart" of the Solar

assisted heating system. The collection of heat
depends on tjieir efficiency and the amount of
dii-ect and diffuse solar radiation that strikes
them. Flat plate colle6tors are designed sand
manufactured for both liquid and air heating

_systems, while concentrating collectorS. are made
exclulively for liquids. Once the fluid is heated, it
is transferred to the heat-storage unit-the major
topic to.be studied in Lesson Four.

3.9
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HEAT STOR GE
The sun is an unlimited and variab/e-source

of epergy.iln North America, o about 14 hours
of sunlight can e expected in. summer and per-
haps 8 hours in wr r, under ideal conditions. Lo--

weather conditions (sunshine or clouds) will
change the amount of solar energy actually re-
ceived 1)1\ the collector and transferred through
thB system to the interior qf the structure.

With a heat supply that is both variable and
interruptable, it, is logi al to Ilect solar energy
when it is ab da 't, se it as needed, and store
any extra 'he er use, either at night or on
sunless:days. In early days of solar heating,
tfie pracke was install a very large storage ca-
pidity that was lanned to supply heat for several
days without n. Today, the trend is toard a more
modest -s rage capacity.

CONCE TS OF-HEAT STORING IV ATERIALS
All substances whether they are in a solid,

liqUid, gaseous phase. capable of
--at:Trbin heat. Any given substanCe has a,spe-

.

Mil

cified relationship, tcrwater in its ability to absorb
heat. Water had a specific kelt of 1.0 Btu per
pound for'each degree of Fahrenheit rise in tem.
peraNture. This means that a cubic foot of water
weighing' 62" pounds (or 8.34 lb /gallon) will have

'ample,

62 Btu's if its temperature rises 1°F. or
Wample, a 2000 gallon water storage tank with
water heated from,90° to 100°F would absorb
2000 gal x 8.34 lb/gal x 1 Btu/lb x (100°F - 90°F)'
or 166,800 Btu's.

Rock, such as granite, is another common
material that can be used 'for heat storage. The
sp ific heat of rock is about 0.20 BtuYlb per °F. A .,
Cub foot of lightly packed two-inch rocks weighs,
abou 100 pounds. therefore, a.cithic foot of rocks
wo store 20 Btu's when raised 1°F. ,

These heat storage capacity specifications,
for water or rock, help to explain the volumetric
space requirements for flUid storag ,mediums. In
a one cubic foot container, five ti es as many
BTU's can be stored if water, rath r than rock; is

, the storage medium. The solar heating system
that functions by warmingiWater or rock is classi-
fied as a sensible' heat storage system.

The alternative to thesensible heat storage
system is the phase change storage System. An
example of this type/of heat storing practice may
be seen with paraffin wax. During the-day, the wax
melts as it absorbs solar heat. During the-night, it
cools and freezes as it releases heat to the air.
pelting wax has, about fourtimes the heat absdrb-

_

n,i g qualities as water and, theoretically, could
store a comparable amount of heat in 1/4 the stor-
age space required f*water.

When the storage medium undergoes a .

change of phase:. that is, changes,from a solid to a
.1 liquid and back apiri, the term "heat of fusion'

storage, is sometimes applied. Almost any sub-
stance can be changed from blid -to- liquid -to -gas

thisthe addition of heat as shown in Figure 4-2. In
this diagram, the solid substance is ice. As heat,is
applied and absorbed by the ice, temperat re is

= raised to 32°F whereby the ice merts. I sorbs
144 Btu's for each pound ofmeltingje . Further
heating increases the temperature o the liquid
from 32° to .212°F. At 212°F, a se and phase
change occurs as the water turns to Steamab- -

sorbing 970 Btu's per pound in the. process. If the
process were reversed, the same number of Btu's
would haveto be removed as the steam changes

Fig. 4-1. Fiberglass tank Yor "low" temperature water stor-K to water and then to ice.
age. Residential teeds would be satisfied by a much - With certain waxes and salts, hoWever, thesmaller tank.

solid-to-liquid heat of fusion can be made to occur

4.1 ,

40



p

at more elevated temperatures, between90° and
1200,F. Therefore; a larger amount ,of heat
associated with phase thange is gained o lost at
a temperature suitable for direct' use in space
heating.

Phase change materials have some -dised-
vantages. Substances such as waxes and salts
are quite expensive at the present time. Also,'
many must be replaced regularly because of

_________Jelemicardecomposition. In addition, the-design
of 'phase change containers istemplicated by Wen
need for a large heat transfer surface. Hence,
much of the space saving feature of using a phase
change material is lost because the container
must be enlarged for practical considerations.

The question of what storage medium to
utilize is based on (1) the ability of a substance to.
accept heat, (2) the cost of the amount required s,
for a given heat demand, and (3) the availability of
the material. With this information in mind, the re-
mainder of the lesSons in this course will be

212°F

32°F.o

Steam .48 BTU
Per Lb. (Approx.)

limited to sensible heat storage practices using,
water and rocks.

1

CONCEPTS OF HEAT STORAGE SIZING
I,n the first section of this lesson, the nature

of different heat storage materials was discussed.
The purpose, o`f that information was to provide an
awareness of some of the possible mediums to
use for storing heat. In this section the essential

Nipple, Header

Header

Tank Wall

Tubing
Horizontal

Spacer,
Material

Vertical
Spacer
Strip,

U-Bend

MED 41M. OIMM OMMS

970 BTU's to Change
Water to Steam Per Lb.

180 BTUs for One Pound of
Water from 32°F to 212°F

A

Liquid

U's to Change One Lb. of Ice
to One Lb. of Water

ice .48 BT(J
Per Ur.'

BTti's

'9. 4-2. Phase change from solid to liquid tq gas.
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Connections In/Out

Insulation,

U-Bend Fill Plug over Gasket

Header
Nipple Eva Tubing

Spacer
Header Strip

Clai

Insule

Tan
Wal

Floor (Calmat)
f

Fig. 4-3. Phase charrge storage unit. Plastic mat heat
exchanger sits in container filled with an inorganic salt
hydrate.



considerations of sizing air and liquid/storage
wills will be explained as a preview for further
discussion in Lessen ,Six.

SolutionS to the problerri of adequat% heat
storage relate td both the building's heat loss or
"energy demand ',' and the amount of energy that
the collectors can provide. In other words, the
volume of space for storage deperTds on the size
of the building and the size of the collectors.

Collector sizing will be treated in anothe,les-
son. At this point, merely appreciate the fact that,
-in the normal design process, the collector area
feguired would be finalized 'first and storage
selected would be based on collector output..

The interdependence of storage size., upon
collector "size is illustrated in figure 4-4. Time of
day is represented on the horizontal scale and
energy in Btu's'per hour is provided in the vertical
scale. The top horizontal line represents jhe heat
loss of a building as might be calculated using
NESCA's Manual J or SMACNA's Load Calcula-
tion Guide/The wavy horizontal line indicates the
actual hourly heat loss for the hypothetical
building on a particular day when the outdoor con-

- ditions were much milder than the design day.
From just before 9 a.m. and just after 3 p.m., there
are two curves for the amount of solar energy col -
lected by two different sides of collector arrays.

' The shaded area indicates .the amount of energy

90'

75

F., 60
co)

Ca

45
co)

,

co

8 30.c

15

Energy Collected A

A- by Large Collector "Array}

.
Energy

Collected
I by Smaller

Collector Array
ccis

Nose `ass -Than Design

P\

t
Design fMaxinium)

Heat Loss for Specifi(
Outdoor Temperature

(Oetnand) o
Da

Overnight Energy
Needed

6 9 12 3 6 9 12 3
Noon Midnight

Time of Day

Fig. 4-4. Solar energy availabilityand needs.

'45
used to heat the house between a.m. and 3 p.m.
The net amount of collected energy available for
storagels the clear area above the shaded region.
The smallerColilector obviously has less excess
energy available foretorage than the larger collet''
tor. This factor is always true, regardless of the
size of the storage unit that is installed. In other
words, a storage unit can be too big.

Figure 4-4 illustrates only one operating
mode. There are other possibilities. On a very mild
day, all the energy collected could go to storage
and, conversely, on a near design day, there ,may
be no excess collectable energy for storage.

A storage capacity that is too large could
also affect the temperature of the storage me-

. dium, such as the 'water in a tank. There is a

4.3

Fig. 4-5. Smalliinsulated water storage tank. Note ther-
mometer in immersion well, pumps left and right sides
and partially insulated piping.

1:2



minimum supply water temperature for effective
heating with a fan coil, panel, or baseboard unit.
An excessively large storage.tank may take days_
to be heated to a useful temperature if the collec-
tor.to storage capacities are extreme (small col-
lector, large tank).

Conversely, a storage .unit that is too small
may become overheated and the operating tem-
perature in the collector may be excessive. This
would decrease the collector's efficiency.

Figure 4-6 representsa trend curve noting the
effect of storage size on the contribution of solar
heat to the total heat supplied to a building. With
no storage, a solar,systein would, perhaps, bon-
tribute no more than 400/o of the heating needs
jassuming a fixed size of collector): The impact of
prOviding a very large storage capacity would not
significantly increase the percent contribution
much above 800/o, which could be achieved.tiy a
moderately sized storage unit. Cost consideration
is still another factor that can limit the size of
storage.provided. Doubling the cost of the storage
_facility to gain two or three percent more solar
contribution is not generally considered to. be
worthwhile.

What is a reasonable, moderate storage ca-
pacity for residential type solar heating installa-
tions? Designers do not all agree! But generally;
storage of from one to two gallons of water per
square foot of installed collector has bee_ n suc-
cessful: For rock storage, from one-half to one
cubic foot of rocks per sq. ft. of collector is quite
effective. Proprietary solar assisted heat pump
applications may require slightly different Storage
ratios, and the manufacturer must be-copSulted
regarding these. . .

80

60

40

NO .
Storage ,

, 5.

Moderate

Storage Size

Very Large
Storage

rig. 4-6.. Effect of storage size-on heat contributed by
sorirr, energy.
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The other side of the collector storage pro-
blem isas was mentionedthe thermal size of
the building.

To size conventional heating equipment, a
design heat loss calculation is made. This is bas-
ed on-local design outdoor conditions and recom-
mended indoor design temperature. The outdoor
design temperature in a given locality is not the
lowest ever recorded temperature but, rather, a
somewhat higher t temperatine based on frequen-
cy of oCcuranc4. For example, Figure 4.7 _il-
lustrates a section of the ASHRAE Table of
climatic data for the United States and Canada. (A
full listing is included in the SMACNA Installatibn
Standards). Note that three Outdoor temperatures
are listed for each citymedian of extremes, 99%
and 971/2 %. Median %/alba is the middle valiie of
the coldest temperature recorded each year for 30
years. The 99 and 971/2 percent temperatures in-
dicate the lowett temperature likely to occur for
either 99* or 971/2 percent of the total winter
operating hours ear December, January and
February. In other words, out of 2160 hdurs in
those three months, the temperature might fall
below the listed value for each city for21.6 hours
for 99 percent and 543 hours for 97172 percent col-
umns.'

Since a. design heat loss calculation is an
estimate of the maximurnsor near maximum load
of a structure in terms of Btu's per hour, it cannot
be used to estimate the overnight. daily or mon-
thly Btu requirements of the building. For exam-
ple, a house with a design heat lo'Ssof 50,000 Btu
will not require 50,000 x 24 hours or '1,200,000
Btu's per day unless the outdoor temperature for
that particular day was at the design value for 24
hours. Since outdoor. temperature is usually a
variable through the day, a mean (average) daily
temperature must be used to estimate daily Btu
requirements.

Mean daily temperature is 1 /2 the sum of the
maximum and minimum temperature for a
specific day, see Figure 4-8. For example, assume,
that in a 24 hour period, the outdoor temperature
ranged from .a high of 40°F to a low of, 18°F. The
mean daily temperature would be 40 + 18 divided
by 2, or 24 °F, The estimated daily Btu re"

.quirements are as follows:

design heat loss x Mean daily x 24 hrs.

design temperature
difference

temperature
difference

= daily Btu
requirements



If the indoor temperature is 70°F, and the out-
door design temperature is 0°F, then using a
50,000 Btu" house, the formula is:

50,000 x (70 - 24) x 24 = 788,571 Btu's per day
. (70 - 0)

As is generally acknowledged, almost any
building has internal heat released' from lights,
cooking, and other activities, there ls also some
solar heat gain directly through windows. In an ef-
fort to account for this heat contribution, and to
more precisely estimate what actual Btu's the

Climatic Conditions

Col. 1
State and Station',

Col. 2
Latitude,

0

Col. 3
EII DM

Winter

Col. 4 Col. S
Colin'

denl
velocity-

Wind

Median of
Annual

Extremes
II% 171/2%

NORTH DAKOTA
Bismarck AP 46 5 1647 31 24 19 VLDevil's Lake 48 1 1471 30 23 19 MDickinsOn AP 46 5 2595 31 23 19 LFargo AP 46 5 900 28 22 17 LGrank Forks AP 48 0 832 30 26 23 LJamestown AP 47 0 1492 29 22 18 LMinot AP 48 2 1713 31 24 20 MWilliston 48 1 1877 28 21 17 M

OHIO.
Akron/Canton AP 41 0 1210 5 1 6 MAshtabula 42 0 690 3 3. 7 MAthens 39 2 me 3 3 7 MBowling Green 41 3 675 7 1 3 MCambridge 40 0 800 6 0 4 MChillicothe 39 2 638 -- 1 5 9 MCincinnati CO 39 1 71 2 8 12 LCleveland AP 41 2 777r 2 2 7 MColumbus AP 40 0 812 1 - 2 7 MDayton AP 39 5 997 2 0 8 MDefiance 41 2 700 , 7 1 , 1 MFindlay AP 41 0 797 6 0 4 M

Fig. 4-7. Climatic editionsitions for North Dakota and Ohio from SMACNA standards.
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Fig. 4-8. Idealized outdoor temperature fluctuations throughout the day. Mean daily temperatureit half the sum of tfie maximum and minimum temperature for a specific 24 hour period.
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heating system must supply, the mean daily
temperature difference is usually adjusted by
,changing the indoor temperature from 70°F to
65°F. Thus, the formula would be:

50,000 x'(65 - 24) x 24 = 702,857 Btu's per

(70 - 0)
day

The value (65-24) is commonly called Degree
Days. Monthly and yearly Degfee Days have been.
published for many years for given cities. A sam-
'pie tabulation is shown in Figure 4-9. (Full listing
is provided in the SMACNA Installation Stan-
d,ards.)

If, for example, the hypothetical building was
located in Dayton, Ohio, which has 5622 annual
degree days, the estimated annual energy re-
-quirements would be

50,000 x 5622 x 24 7 96,377,140 Btu's per

(70 0)
season

If an estimate is made of the January energy re-
quirement for the building, use the January
degree days for Dayton which are 1097. The
estimated January load would be:

50,000 x1097 x 24 = 18,805,714 Btu's for'
January

(70 - 0)
As afirst approximation, it is also possible to

divide the January total by 31 days to arrive at a
"typical" day's energy need in January: Thus:

18,805,714 = 606,636 Btu's per January day
31

If the solar collectors operate for 8 hours,
then. 16/24 of the all day load would-be approx-
imately the Btu requirement needed from storage
-provided a full 16 hour storage requirement was
expected. Thus:

16 x 606,636 = 404,424 Btu's overnight load
24

These numbers are approximations. In fact,
the degree day concept itself for annual analysis
has come jnder criticism because it was
,developethin the 1930's. Modern construction has
apparently altered the 65°F base. Some.designers
Apply corrections to the degree days to compeh-
sate for modern construction. Table 1 lists cur-
rently Used corrections. For our example, Dayton,
has a 0°F design temperature, the correctidn
would be 0.71. Hence,

404,424 x 0.71 = 287;140 Btu's Overnight load.

and the amount of energy the collectors must sup-
ply in excess of the previoos day's needs. How
much storage would be required to satisfy the
estimated overnight load?

If water was used and a 30°F rise in storage
temperature occurs, then:

, .,
Average Monthly and Yearly Degree Days ,

Slate Station
Avg.

Winter
Temp.'

July Aug. Sept. Oct. Nov. Dec.Deo. Jan. Feb. Mar. Apr. May June early
Total

New York (Kennedy) A 41.4 0 0 36 248 564 933. 1029 935 815 480 167 12 5219

RoChester A 35.4 9 31 126 4 747 1125 1234 1123 1014 597 279 48 6748

Schenectady C 35.4 0 2 123 .4 2 756 1159 1283 1131 970 543 211 30 6650

Syracuse A 35.2 6 :2 132 415 744 1153 1271 1140 1004 570 248 45 6756

N.C. Asheville C 46.7 0 48 245 555 775 784 683 592 273 87 0 4042

Cape Hatteras 53.3 0 0 78 273 521 580 518 440 177 25 0 2612

Charlotte A 50.4 0 6 124 438 691 691 582 481 156 22 0' 3191

Greenboro A 47.5 0 33 192 513 778 784 672 552 234 47 0, 3805 .

Raleigh A 49.4 0 21, 164 450 716 725 616 487 180 34 0 3393

Wilmington A 54.6 0 0' 7.4 291 521 546 462 .367 96 0 0 2347

Winston-Salem A 48.4 0 dr 21 171 483 747 753 652 524 207 37 0 3595

N.D. Bismarck A 26.6 ,34 28 222 577 1083 1463 1708 1442 1203 645 329 117 8851

Devils Lake C 22.4 40 53 273 642 1191 1634 1872 1579 1345 753 381 138 9901

Fargo A 24.8 28 37 219 574 1107 1569 1789 1520 1262 690. 332 99 9226

Williston A 25.2 31 43 261 601 1122 1513 1758 ,1473 1262 681 357 141 9243

Ohio Akron-Canton A 38.1 0 9 96 381 726. 1070 1138 1016 871 489 202 39 60.1i

'Cincinnati C 45.1 0 0 39 208 558 862 915 790 642 294 96 6 4410

Cleveland A 37.2 9 25 105 384 738 1088 1159 1041 918 552 260 66 6351

Columbus A 39.7 0 6 84 347 714 1039 1088. 949 809 426 171 27 5660

Columbus C 41.5 0 0 57 285 651 977 1032 902 760 396 136 15 521 I

Dayton A 39.8 0 6 , 78 310 696 1045 1097 955 809 429 167 30 5622

Mangfield A 36.9 9 22 114 397 768 1110 1169 1042 924 543 245, 60 6403

Sandusky C 39.1 0 1 66 313 684 1032 1107 991 868 495, 198 , . 36 5796

Toledo A 36.4 0 1; 117 406. 792 1138' 1200 1056 924 543 242 60 6494

Youngstown A 36.8 6 19 120 412 771 1104 1169 1047 921 540 248 60 6417

Fig. 4-9 Degree days from SMACNA standards.
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287,140 = 8.-34 lb/gal x 1 x 30°F vallons
or gallons = 287,140 = 1148 gallons

8.34 x 1 x 30

If rock storage irequired and a 70°F rise in
storage temperature occurs; then:

287,140 = 20 Btu/cu ft F x 70°F x cubic foot

or cu ft = 287,140 = 205 cu. ft. Of rocks
20 x 70

As described, in a later lesson, it may not be eco-
nomical to provide complete overnight storage. At
this point, however, one should have an under-
standing of the calculations required to deter-
mine building needs andstorage capacity.

PLACEMENT OF HEAT STORAGE UNITS
Solar heat storage units may be placed either

inside or outside the building they are serving.
They can be located either below grade or above
grade. The' rationale for a storage unit location is
that it be placed in a low value area of the struc-
ture or building site.

Units placed below grade inside the building
could be in a basement ovcravyl spa tis, area
would be. close to most oPthe other* Mponents
in the heating system. It would be pro cted from

-1's moisture and cold. Any excessive radiation ener-
gy coming in and/or heat loss radiating from the
storageContainer could be directed into the
heated space as needed, or it could-be vented to
the outside through a duct,system.'

A low value space should also be *ought
when placing the heat storage unit above grade
inside the structure such as a small room or attic.
Because ,of the weight of the container arid the
stoi mediaedia (pebbles or water), extensive foun-
dation reinforcement would be necessary. In one
case, to serve the needs of a termosyphon, sys-
tem used primar4to service. Household require--
ments for domestic hot water, the heat storage
tank must be about twouleet above the colleOtor,
That would mean using an inconvenient, but low
value, attic installation.

Units placed outside and above ground
would be exposed to whatever minimum temper-
ature that would be reached in a given geographi,-
cal location. They would also create a problem
aesthetically.

Units placed outside and below ground pose
some problems also. They would need to be
buried below the frostline so that they would not
be affected by pressure from frozen soil. Water or
air leaks would be difficult to lo ate:Digging may

be required before servicing unless the container
was in some sort of a pit. In this case, an access
cover would provide 'a way in to the storage unit.

.There are problems of storage unit place-
ment associated with each 3ype of solar heating
system. Not only is this true for the architects and

. contractors when constructing new facilities but,
in addition, inconvenient when existing buildings
are retrofitted with solar heat. Some previously
used living areas must be converted to non-usable
space to accommodate heating system compo-
nents.

ADVANTAGES AND DISADVANTAGES FOR
STORING HEATED LIQUIDS

There are adVantages and disadvantages to
each and every type of solar heating system,
regardless of the type of fluid (liquid or air) for
which the system was designed. ,Advantages are
that: (1) wat a relatively abundant and inex-
pensive edium, (2) water absorbs and emits heat
readily, and (3) space requirements for water
storag.e unit placeme.rit is the least for any of the
common heat storage meditpns used presently.

However, there are some disadvantages. First,
the system must be insulated against freezing.(It
may be too costly to use antifreeze for all the
water in storage). Second, boiling may occur in the
collector, and a ventilailing:Valve may, have to be
installed to remove steam pressure if overheating
occurs. Third, circulating the water throughout
the'system would requir a pump and the .system
would be vulnerable to leakage. This would create
the need for periodic inspections,. trouble-
shOoting, anmainteniance. A fourth ,problem is
that components made of aluminum, copper or
brass, and iron which are threaded or joined
directly to each ()the will cause an electrolytic ac-
tion Such action wi m -initially at the connec-
tion, spread through th components, and reduce
the flow rate by constri ting the pipe diameter as
illustrated in Figure 4-10

Over a long period of time, corrosion can
cause total erosion of pipe or fitting, and a leak'
will occur. As a result, pressure in the system
would drop, antifreeze and inhibitors would be
lost, and the system would stop functioning.

The rate of corrosion can be affected in two
ways: (1) by the amount and type of minerals in
the liquid, and (2) by the temperature of the fluid,
since heat increases the rate of corrosion. One
form of controlling corrosion is to add a corrosi n
inhibitor into the systerrCAnother procedure is o
use lengths of plastic pipe or dielectric unions

r 4 7l



with plastic bushings between the incompatible
metal components.

A fifth problem for a liquid-storage system is
accessability. Buried or enclosed storage tanks'
nd/or pipes would be difficult to inspect for

leakage. If a.pipe or tank froze and ruptured, or if
chemical corrosion caused a failure in the syst\
tern, repairs could be extensive. This aspect ap-
plies not only to the replacement of various com-
ponents of the solar heating system, but also to
the possible need to redecorate walls, ceiling, or
floors where damage may occurred.

WATER TANK MATERIALS
There are Sp, ral different materials com-

monly used for liquid storagesystems. Concrete,
steel, fiberglass, and butyl-lined concrete block
are four of the materials frequently used. Selec-
tion should be made based on the required capa-
city and location of the storage unit. Figure 4-11
represents a typical lank installation.
Concrete Tanks

Concrete tanks are probably the most
durable. These units cannot corrode or be punc-
tured. A waterproof sealer on the inside surface or
a waterproof liner will free the container from
possible seepage problems. Another engineering
problem, to contend with is the weight,and size of
the tank to be installed. A crane or other heavy
equipment is needed when the tank is set in'
place. This is particularly difficult when placing a
tank in the basement of an existing structure.
Watertight pipe connections are also difficult tb
achieve without using a high quality caulking
compound such as silicone.

Fiberglass Tanks
A fiberglass tank specially designed for use

Corrosion

Brass Valve, Galvanized Pipe Copper Fitting

Fig. 4-10. Electrolytic corrosion.
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with high temperature liquids is probably the
most advisable system for water storage.,jhe
tank must be of a quality for protection against
rupturing at a high 'temperature, such as the
212°F boiling point of vyater. Tanks used for
gasoline storage may-not meet this requirement.
Care must be 'taken to determine safe pressure
apd temperature limits for the tanks. The tanks
most be well insulated after they are installed,
and must be checked for leaks if the solar heating
system is to operate satisfactorily.

GlassLined or Galvanized Steel Tanks
Glass-lined or galvanized tanks have been'

found extremely, serviceable to; many years. Gal-
vanized tanks, however, may become corroded
and inserviceable before those which are glass-
linect The glass-lined tanks may have their ex-
pected years of usage shortened by ct7eless in-
stallation. Excessive pressure in sec ing con-
nections can crack or break the inflexible glass

, and allow more -rapid deterioration. It may be ad-
vantageous to use several smaller tanks because
they require less floor space in a basement and in
a retrofit, smaller tanks m4 be installed more
readily.

_ Port for Water Return and Vent

Water Return Line

Vent

.11 aalIM

Thermistor Sensor

Insulation

Water Supp
Line to Purr
Suction

jwisalla%au

Water Level

Support (Bricks or Blocks)

Seal all Edges with. Mastic to Keep
Moisture Out of Insula,tion

Grour

Foundation as Per Co<

Space for Insulation

Fig. 4-11. Typical above ground liquid storage tank instal-
lotion.
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ADVANTAGES AND DISADVANTAGES OF
PEBBLE-BED HEAT STORAGE UNITS

Heat storage units for air-circulating solar
heating systems are called pebble-beds. They
contain a large volume of pebbles (granite or
other clean crushed rock about 3/4 to 11/2 inches in
diameter). During the heat circulating cycle, air is
forced through the inlet; then it filters through the
pebbles and into ducts, where it is transferred to
the space to be heated. When the rocks need to
peAecharged with heat, the air movement is re-
ver%"ed and hot air is drawn in through 'the outlet
and -heats the pebbles. A.,four foot deeP bed of
pebbles is considered the maximum for a mini-
mum air pressure drop betWeen the inlet and
outlet.

Pebble-bed containers have been found very
efficient. They are considered by many to be bet-
ter than the water and/or phase change systems.
They are simple to construct by either (1) laying -

cement blocks and filling the holes with concrete;
(2) pouring concrete into a form; or (3).fabricating
them' from wall stud material, plywood, end insu-
lation. The pebbles should be hand, shoveled or
chuted into the unit to insure even distribution
and reduce packing or side wall stress. For exam-
ple, a cylinder three feet by eighteen feet holds
about 12,000 pounds of carefully sized satialle.
rock.

They have a high level of thermal, seatifica-
-tion. Heat inside the container exists inklayers.
When the pebble bed is being charged with

Air to

Air in
4--(clYarging)

100°

120°

Collectors 4

Thermal Stratification

140°

110°

90°

70°

Fig. 44.2. Temperature "layers" in pebble bed storage.
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heated air' from the collectors, most of the heat is
transferred to the roe-1<s within a few feet of the
bed and the air leaving the bottom of the storage
bin is essentially- at 70°F. A representative
temperature profile in a storage bin is shown-in
Figure 4-12. This profile obviously changes with
the length of sthe charging time.

When flow is reirgrsed to extract heat from
storage, the hot end of the bin heats the leaving
air to within a few degreeS of the actual rock tem-
perature for effective utilization of stored energy.

Cubic.pebble-beds (Figure 4-13) are preferred
because eat has .a natural tendency to rise. This
style or nit is normally about five feet high. Due
to the eight of the container and its contents,
these u its must have rather extensive founda-
tions so that the force of the weight will not cause
the unit to crack. If a space' three feet high is the
maximum available (in, a crawl space, for ex-
ample), Alen a box using a horizontal air flow as
shwivn ift`Figure 4-1-4 is adequate.

SUMMARY
(Lessons Three add-Four have prsented the
two main components of the primary circuit in a
solar heating system. The collect-or, regardless of
the type (liquid or air), functions by collecting the

Round Pebblps.

Wire Screen
Rigid Insulation-

Q4

Bond Beam Block

Fig. 4-13. ube tine Abble-bed storage.



solar rViation from the sun. A liquid or air is cir-
culateethrough the collector and absorbs heat
energy which is transferred to the. storage unit.
The heat is stored until ne9tled. When heat energy
is needed, it is distributed throughout the space
to be heated by a control system to be discussed
in Lesson Five.
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CONTROL DEVICES
AND SPECIALTY !TED&

In addition to the major items discussed in ,,ponents, collectors, coils, valves, piping, etc., willthe previous lessons, there are a number of be, given in either Psi or feet bf water. The impor-
smaller but equally important components in a tent characteristic shown in the figure is that
solar heating system. This lesson Will be concern- pump capadiy. decreases as, the resistance or

ied with pumps, fans, and heat exchangers, and head againsii:which the purrw must operate in-
., wirrothe idintification of the control devices and creases. (Corripare 22 gpm at 6 feet head vs only'

hyl4ronip specialty items .needed to operate a 12 gpm at 10' feet.) The resistance or pressure ,solar system safely and ai.rtomatically. drop- imposed by the piping, fittings, and other
components must be determined before a pumpLiquid System Pumps can Iv chosen that will deliver the proper gpm at

Fluid movement is caused by electrically the estimated operating head pressure.operated centriftigal pumps in a liquid-circulating ,r Collector loops vary in configuration, but inclosed or open loop system. Specifications for , term9 s of pumping.requirements, they are either aliquid-circulating pumps are based on the gallons closed loop filled ,with a nonfreezing. liquid (an-/per minute (gpm) to-be circulated and the horse- tifreeze) or sikply a loop that completely. 'drainspower rating of the motor. The typical pump is of down plain Water each time the pump completesthe type shown in Figure 5-1. era operating cycle. If the loop remains filled with
Pumps are placed in series within the collec- liquid at all times, then pump .pressure require-ifor coop. They must be capable of circulating the ments are minimal. Only sufficient pressure toproperly prescribed flow rate in gallons per overcome flow resistance is necessary, since theminute through the collector to maximize the effi- supply lift (elevation) to the collectors is "counter

ciency in collecting energy. VVhe-ii operating, the balanced" by a return drop. Insthe case of a drainpump's head pressure (which is also called des- down arrangement, the pump must lift the liquid
charge pressure) must be sufficient to provide the to the top of the collectors at pump start-up andproper flow to overcome resistance in the piping must .overcome flow resistance once the loop isas illustrated in Figure 5-2. This resistanc flo recharged (filled). Therefore, a circuit using drain,is caused by the friction of the liquid as i pa -s n -for freeze protection will usually require athrough the collector, piping, pipe fittings and larger pump and consume more energy whilevarious components. - pumping than a closed antifreeze filled loop'.

Figure 5-2 shows the relationship between Thus it,is generally less cost effective.
pump, pressure and pump capacity in gallons per
minute for both .a "large" and "small" pump. Note
that. pressure is given in terms of feet of water.
OT f'uot of water is equal to 0.43 psi (pounds per
squaw ;nch). In manufacturer's literature, the
ores-, ;ure. drop fresitancel for various com-

ot...-pmfFifflwom",

es

.9,
,,0

Fig. 5-1.

17-1

13f.11 A Goinettl

Typical circulating pump.

7.t

5.1

12 .22

Rate of Flow in gpm'

Fig. 5-2. Pump characteristics.
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Pymps used in collector loops must.be able
to withstand both high pressure (to 150 psi) and
high temperature (200°F. or even higher) and can
be manufactured of a variety of materials. Gen
erally, the construction material 'specified refers
only to the parts that come in contact with the li-
quid being. pumped. Thus, a bronze-fitted pump
would have a bronze impeller, sh leeve, and
wear 'rings. All-bronze, all-iron an all-stainless
steel construction are also avail ble. Manufac-
turers usually state uses for their us pumps,
but in most cases, pumps used to pump water in
systems open- to the atmosphere (drain -down
systems) must be 6ronze or stainless to,minimize
the corrosive ',effects of high oxygen content
water. In closed loops, an iron pump is usually

. .

adequate. . -:.,

Two speed pumps maybe used in the collec-
tor rodb. They can regulate the liquid temperature-

IArise in the collector.to opmize col tor efficien-
cy. When the solar radiation is h gh, the pump
would transfer heat rapidly on the high speed set-
ting. During tirn S of low insolution, the slow
speed would b ore effective in circulating the
heat energy.

the collector-heated liquid around the piping in-
side the exchanger. The piping becomes hot. The
heated pipe heats the water to provide hot water
for space heating or storage.

. Air System Blowers
In an all-air system, centrifugal blowers are

used to circulate air through the collectors, heat
storage unit, or directly to the conditiOned
spaces. Conventional vim air heating blowers
can be used, since lbeTating temperatures are
e sentially the same as found in. conventional
war" air systems,. However, 'the system's
operating, pressure nay be higher because of in-
creased airflow resistance. (See'Fi ure

In any discussion of fans, is always
necessary to refer to three aspect of pressure
static, velocity, and total. So that th ill be no
doubt as to the meaning of these terms, these im-
portant parameters shall be defined.

Static Pressure (SP) is the pressure iciside a
`container, for example, an inflated balloon or tire.
It has no relationship to air motion, but it can exist

Collector
Loop.

Liquid System Heat Exchanger
One integral component of the liquid system

collector loop is the heat exchanger. It will be
identified in this section and explained in greater
detail in 'a later lesson. A shell and tube heat ex-
changer is the most common type manufactured

From
Outer Shell.

To

4 In

Out

at this time.. . r

, The typical shell and tube he exchanger is
a heavily insulated tank containing a liquid heat
transfer medium (water) and inter al ' piping. A
Gated liquid containing antifreeze, transferred
from the collector, is usually circulated through
the shell. Water is circulated through the piping of
the heat exchanger and is piped to.the domestic
hot water or auxiiiary heating unit.

The purpo1se of this compofient is to. reduce
the quantity of antifreeze that would be needed if
transfer fluids were exposeV to outside temper-
atures while circulating through the flat plate.col-
lector mounted on' the roof. By using a heat ex-
changer, only a small portion of the total number
of gallons of water needed to transfefr and store
heat energy would have to be protected from
freezing the fluid in the collector loop. A con-
siderable amount of money can be saved in this
Manner. Figure 5-3 illustrates the function of the
heat exchanger.

.

The shell of the heat exchanger contains the
heat transfer medium (antifreeze) and circulates

5.2

Heat Transfer
Medium

Fig. 5-3. Shell tube heat
above, cutaway elow.

exchanger. 1-1 schematic
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inside a duct where there is air motion. If the
static pressure inside a closed container is below
atmosphericpressure, the container will tend to
collapse. If it above atmospheric, the container
will tend to burst.

Velocity Pressure. (VP) is the pressure re-
quired to accelerate air from a state of rest to the
velocity observed. Velocity pressure varies asthe
square of the air velocity, hence mathematically:

VP = KV2

where

VP =
. V =
K =

velocity pressure
air velocity
a constant to account for
dimen§ional units and gravity. .

Normally, velocity pressure is measured in inches
water gauge (WG), although feet WG, inches HG
(mercury), or psi (pounds per square inch) all
would be equally possible and valid.

Belt Driven Blower

Direct Drive Blower,

Fig. 5-4. Two models of centrifugal blowers.

Total Pressure.(TP) is the sum of the static
and velocity pressures. Thus:

TP = SP + VP

where

TP = total pressure, in.WGi SP = static presiure, in. WG
VP = velocity pressure, in:- WG

For low pressure duct systems, static
pressure Is usually specified for design purposes,
since velocity pressure is a small yalue i nd -can
usually be ignored. All-air-solarheating stems
are usually designed using glow pressure duct
systems.

figure -5 shows a fan performance curve
plotting air delivery capacity in cubic feet per
minute (cfm) vepsus static pressure in inches of
water. As indicated earlier for pumps, the fan
curve, indicates a decrease i capacity as the
9perating presure increases: A secrind curve,
which is called the duct system resistance curve,
is also shown. This curve is determined by

-------/ estimating the presSure lo,ss within the ductwork,
Lifittings, dampers,, collectors, and other com-

ponents. The point where the system curve
crosses the fan curve is .termed the ,operating
point for the fah. It is at this pressure and cfm that
the fan will function with optimum effitiency.

All fan characteristic curves folloVg the basic
relationships given below, and all changes occur
simultaneously with a change in fan speed.

(1) The air.delivery varies direct y with speed.
Thus ,

5.3

new CFM = (old CFM)( ew RPM/old RPM) s-

t

Operating or
Balance Point

4

600 1,000

Cubic Feet Per Minute

Fig. 5-5. Blower performance curve.



(2) The resistance pressure varies as the
squareof the speed ratio. Hence,

new SP = (old SP)(new RPM /old RPM)2

The brake horsepower.yaries as the cube
of the speed ratio, .and, therefore,
neGi BHP = (old BHP)(new RPM/old RPM)3

(3)

For example, a fan operating at 600 rpm;
delivering 1000 cfm at 0.25 in. W3 external -static
pressure and requiring a brake horsepower (BHP)
of 0.05, would have the following charatteristics if
the fan steed was increased to 1200 RPM: .

new CFM = 1000 (12001600) = 2000
new ,SP = 0.25 (12001600)2 = 1.0

new BHP = 0.06 (1,2001600)3 0.48

The proper application of a fan to system
requires not only the basic information a Out-fans
but, also, knowledge of the system and the prin-
ciplesof fan:SyStem balance.

The resistance pressure of any duct, system

.1

can be calculated for any gfven flow rate. Stan-
dard references, such as the ASHRAEHandbook,
give complete details on recommended pro-.
cedures. It is necessary 'to determine the re-,.
sistance at only one flow rate, since other points
on the systenyresistance curve can be calculated
from the approxim-ate relationship that the resis-
tance presgure (R) varies as the square of the flow
rate. Thus, mathematically:

new R = old R (new CFM /old CFM)-

If, for example, the calculated resistance of a
duct system was 0.6 in. WG at 1000 cfm, then at
2000 cfm the new resistance would be calcu(oted
as:

new R = 0.6 (2000/1000)2 = 2.4 in. WG

Because the resistance pre sure character-
tic line for a .fan decreases wi the rising air

flow rate, and the resistance of a duct system in-
creases with a rise in the air flow rate, the two
curvet will always cross. at one, and only alone,
pOint. This point is the'only, possible point com-
rnon to both the fan and the System. It is, there
fore, the fan system balance point..

Figure 5-6 shows the balance point for /fan
and ystem. If the fan speed is increased, a new
balance pOin't A' will be established at the point.
where the system curve intersects the fan curve,
now at the, higher speed. Note that the speed'
chapge in no way changes the system curve. The i
sysfem cuipe"can be changed by (1) Mt on a filter,
(2) a damper.adjustment, or (3) a baXio. alteration.

For example, if a new cooling coil were eciCled to
the original system,' the system re5istanee'et,a
given flow shoUld be higher. suppose, that the air
flow. rate represented by, point ,A, the system
resistance with the new toil, rises tcArtiqat
represented by point C. Knowing that resistance
varies as the squareof the flow rate, a new system
'resistance curve can be calculated and drawn.
thr-OUgh point C. This new system cur`le intersects
the two fan speed curves at points B and E3' which
are the new'balance points at the two fan speeds.

From an'analysis such as this; a sc't'r sys-
tem's performance can be predicted befor bon.
wructio.n or before modifications"ofteh Pro-
viding valuable money and time saving '91-1i0es for
the dealer-Contractor and for the con-`3t-xner.

Air System Fhtat Exchanger
one of the components in the dint of the air

system is a heat exchanger for warrning dorbestic
hot water. It is placed in the baserner duct near
the hot water tank. Heat exchanger esigns rh' ay
vary, but Figure 5-7 shows a typical Unit.

,System Resistance Curve
After Cooling"Coil

is Added;,
B'

Iv°

°r/gIna( System
ReSIStariCe IC,

F-30 Ce
Hon Spurveea

r -1

Air Flow Rate

Fig. 5-6. Fan and systeni baFarki

SEE

5.4

Frig. 5 -7.
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a 4/

to water heat eactianger.



CONTROLS
A ccintrol system consists pot two essentialA

elements. One is a controller and the ether is'a
.controlled device or actuator. An example of a
("nritrniipr lo nn ordinary room thermostat. Ari ex-
ample of an actuator 'or- controlled devic is, a
solenoid valve' that opens or closes upo com-
mand from the thermostat to start or stop the flolk
of a liquid.

v -
With few exceptions, thp heatinig and .air-

conditioning technician is familiar with the typesi
of control devices used in solar heating, since
they are also used n_ conventional heating sys-
tems as well. As td-chnology develops there will
probably be more packaged approaches to solar,
controls to reduce field installation time. The
following are the most commonly used controls.

Two-State Low Voltage Thermostat
A two-stage IOW voltage thermostat senses

room air temperature.,,Thstfirst stage calls for heat
directly from the collector or from storage. The se-s
cond stage turns op conventional furnace,lboiler
or heat pump. (See Figure 5-8) Single stage ther-
mostats can also be used in conjunction with
other devices to paalm the same functions. (See
Figure 5-8).

4
NsT

big. 5-8.
mostat.

,

tiff eN1

Outdoor Thermdstat
An outdoor -thermostat to sense ()IA-

+ door temperature. As in .th =se of a heat pivrip
application, an outdoor erm tat may -prevent
auxiliary heat from operating until a preset ,out-
door temperature is reached. (See Figure 5-9: Fan
speed is arse Sometimes varied using outdoor
temperature.

Differential Con oiler
An ordinary peratui.e contro ller, is a ther-

mostat that senses water or air temperature in
various parts of the system to initiate control aC,-
tion; for example, stop or start fans and pumps
and:open or close dampers valves. A differentiafr
iemperiture controller measures the difference
between air or,water temperatOres at two.or inore
locations in the system as shown in Figure 5-10.

There are aneriumber of specialized differen-
tial controllers available to perform mUlt,i-control
functions in a -solar system. For example, one
"proportional" differential controller varies pump_
speed as a functicirpof the-temperature difference
between collector and storage-, tank. With only a..
3°F difference between collector fluid temper-
ature and storage temperature, the p-ump oper-
ates at slow speed. As the,differential rises to
11°F, then the controller switches' the pump: to
high speed.

These specialized differential -controllers can
also be "wired" to provide high temperature limit
for storage and to provide a low temperature ':urn-
on circuit for freeze protection. The pump is
started when outdoor temperature is about 37°F.)

Two-stage heGting, single:stage ..cooling thin-

5.5
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its

Fig. 5-9. Outdoor thermostat.



Outdoor Reset Controller
An outdoor -reset controller senses outdoor

air temperature. It is used to. reset the control
point of a temperature controller (either up, o'r
down) relative to changes in outdoor temper.
atures. (See Figure 5-11).

Sensors
Every controller is made up of two basic com-,

ponents: a sensing device that measures
temperature or pressure change, and a tranducer
that converts that detection into electrical or
mechahical action. Common sensors include the
simple bimetal, remote bulb, and more recently,
thermistor.

Bimetal Sensdr, A bimetal sensor consists of
two dissirriilar metal strips bonded together (cop-
per and iron are examples). They expand at diffe-
rent rates per degree rise in temperature causing
the metal strips to bend as illustrated in FiOure
5-12.

Bellows/Diaphram-Sensor. This type of sen-
of uses a bulb to sense the temperature. The Ii-

121:16

V. A.G. -5,
5v

Switch
iv:

?Limp'

Open on
' Over Temp.

Collector: /17
Sensor

Storage
Sensor

To 120 V.. A.G.
Power .Supply

Optional
Service Switch

Purrip

Collector
'Sensor

,Typical Wiring Diagram

Fig.

.

r;.; -

.44

Storage
Sensor

(Penn Controls)

Ck).9iffereQe1;mperature controller.
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quid in the bulb expands in the bellows-or against
the diaphram and causes the rod to move wOich
contacts the controller mechanism., An, exam Nip
of each type sensor 1,s shown in Figure 5-13.

Thermistor. A thermistor is a semi-conductor
material with electrical resistance characteristics
that vary with temperature. When connected to an
electrical circuit, current flow varies in proportion
to changes in the resistance of a thermistor ex-
posed to changing air or liquid temperatures.
Through the use of solid state-electronics, the
currenOtiange is amplified to do workopen or
cldse a relay', operate solenoid, etc..Thermistor
sensors can be located as far as 200 feet from the
controller. Because of this feature, they are wide-
ly used to rrtallitor solPr Systems. Ordinaiy 18 and
14 gauge wire can be Used to connect sensors to
a controller.

Thermistor sensors are relatively small com-
"ponents. They contain a nitkel wire-wound ele2
ment. The ability of a' sensor to react to temper-
ature change- is called the temperature coeffi-
cient. For example, a Sentor with a temperature
coefficient of. 3 ohms per degree F.arenheit will In-
crease or decrease its resistance, hence, current
carrying capability, gs ambient temperatures rise
and fall. This change 'could signal .tfie need for
heat. T,Ile controller to which th,e sensor was con=
nected would then activate the necessary heating
system" qmponents:

.0"

Fig. 5-11. Reset control.



The sensor in Figure 5-14 Is encased in ep-
oxy. It could be installed in amair collector circuit
duct at the outlet of the collector to sense the
stagnation temperature at which the circuit
should be activated to prevent overheating the
collector. It can also be placed in the heat storage
unit at a location to sense the average temper-
ature within the unit. In \an air system, it can be in-
serted near the bottom among the rocks. For a ilq-

Helix

Rotary Heat
Movement '

Strip

Movement
(Warpage)

Multiple Hairpin

Spiral

4111,Rotary
Movement -

To Temp.
Controller
Mechanism

Elongating
Movement

"U" Shaped.

Snap-Disc
'

Movement
(Bending)

Fig. 5-12. Bimetal sensors.
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Impop.

Remote `Temp.
Sensing Bulb

Liquid - Fill
Sensing System

,Fig. 5-13. Bellows/diaphragm sensors.
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uid system, it would have to be placed in a bulb
well (Figure 5-15) so that the tank can remain
water-tight and not be drained if the thermistor re-
quires service, and it will not make direct contact
with the liquid. The corrosive effects of the liquid-.
would damage the sensitivity of the sensor. When
this sensor model is placed in a bulb, a thermal
conducting compound is used to hold the sensor
in the bulb so that the sensitivity to temperature
change is not changed significantly. This com-
pound is about the consistency of automobile lu-
bricating grease.

(Penn Controls)

Fig. 5-14. Typical thermistorsenior.

Packing Nut Interlocking Retainer
Washers
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!re
64110401111K;

Packing
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Fig. 5-15. Typical bulb well.
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Tank
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Thermistor
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Fig. 5-16. Sensor installed through wall of tank.



There are other bulb well designs which can be
used where heat sensing is desirable Inside a
PIM

An alternative to using three components
the sensor, the bulb well, and the thermal corn-
poundwould be' to use a preassembled compo-
nent as shown in Figure 5-16.
This IS a brass unit with the sensor sealed inside
and has 1/2" ipe threads for mounting in a thread-
ed hole In th twat storage tank or other control
locations in t e system. i

. It may be desirable to install a sensor in a
piping system without the bulb well. If 'this is the
case, a pipe Tee can be installedn the.line and a
sensor of the type shown in Figure 5-17 can be
used. .

The sensor could be mounted In the side or
one end of the Tee3sdepending on the installation
spe,:ifications. . .

. Plabing a sensor near the bottom third of a
liquid storage tank may be specified. For this type
of Installation,-the sensor is screwed in length
of pipe. The length of the pipe is pr termined so
that the sensor will function at the proper level in
the liquid. The sensor screws into the end Of the
pipe with the wires extending up the pipe and out
of the tank. The pipe is. secured to the tank with a
bushing as shown in. Figure 5-18.

Another application of, the sensor is shownin
Figure 5-19. The sensor is mounted in the sheet.
metal duct and held in place with sheet metal
screws in an air system.

The sensor in Figure 5-20 is the same sens
as in Figure 5-14. However, it is in a more dur le
copper housing with a hole at the end to mount it
more securely to 4 collector plate or elsewhere. A

-tioera/clamp can be used to secure this mode!on a
pipe before the insulation is installed.

Figure 5-21 Is typical of a.sensor that would
be mounted directly to the absorber plate in the
contactor to sense the absorber temperature indi-
eating availability of solar energy at the collector.
The sensor is attached with a sheet metal screw.

Valve
Electrically powered solenoid valves are

used to start and stop as well as divert fluid flow
in a liquid system. They can be controlled by one
or more thermostats. A .typical valve is shown in
Figure 5-22.

Transformer
A transformer converts live voltage (usually

120V) to a lower voltage (typically 24 volts). This
voltage drop is necessary because thermostats

5.8

Tank
Drain
Opening

Nipple

"Tee"

Tank
Drain
Valve

Temperature
Sensor 1/2" NPT

Fig. 5-17. Threaded tank sensor.

Water Supply
Line to Pump
Suction

Fig. 5-18. Sensor fastened to end
temperature in deep tanks.

of pipe probe for sensing

Support Rod

4411,40
Suspended

Sensor

Fig. 5-19. Duct mounted sensor.
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and many other control devices are designed for
low 'Voltage operation. Atypical transformer and
its schematic are shown in Figure 5-24.

Damper
Electricatly powered multi-blade dampers are

used to start and stop, as well as divert, fluid in an
air system. They may be thermostatically controll-
ed or opened and closed by the force of, air from a
blower. Figure 5-23 is an example of a motor-
driven damper.

Relay
A relay is an electromagnetic switch. This de-

Good Metal to Metal Contact Stainless Hose Clamp

To
Header item nolo"ltww7-E 11."

Collector .
Temperature

Sensor

Fig. saR. Sensor

Flare Nut

Solar Collector

connected to surface of caper dis-

Collector
Panel

Absorber
Plate To Panel A/H Unit

(18 Ga. T' Stat Wire)

Sensing Bulb Insert
Min. 6"into Air Channel

Pierce Duct for Wire
Seal Airtight

- ex. DuCt.

(iplaron)

Fig. 5-21. Sensor mounted in air collector.
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vice (Figure 5-25) will often be operated by some
low voltage thermostat (24V) or other controller.
When the relay is activated, it can cause a higher
voltage load such as a 120 or 240V fan or pump fro
operate.

A typical traniformer-cohtroller-relay-load
control circuit is illustrated in Figure 5-26.

Some combination of the control devices ex-
-plained above is necessary for the sate and auto-
matic operation of a solar assisted heating sys(
tem. However, there are some specialty items that
are not electrically opeiated.

ip

-"ftewm,,,441.4.004,

killFFP11116.

tike
(VVh. NOeyars

Fig. 542. Motorized valve.

Fig::513. Motorized damper.
a.
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HYDRONIC SPECIALTY ITEMS
Hydronic specialties are non-electrical com-

Ponents that serve some, control or system main-
tenance function. The following devices are repre-
sentative of specialized components essential to
the solar heating system.'

Expansion Tank .7,1: -
In completely\ close4 liquid systems, an ex-

pansion tank or "air cushion tank" is required to
provide "room" for the expansion of heated water.
For example, 50 gallons of water at 60° F, When
he ted to 200° F, would become 51.65 gallons at,
the levated temperature. The cushion tank per-
mits this expansion while also controlling the
pressure in the system. Open-or dented
usually provide for the expa t e stor-
age tank as illustrate igure

Air Vent .

An air vent is placed at the highest point in
the system (above the collector array). The de-
vices illustrated in Figure 5-28 are of the float
type, hydroscopti,c disc, and manual design. They
ent air from the system as it is being filled with

I uid. .

Compression Tank Before Fill

Controller '
To Low Voltage I Volume = 100% Air

Pressuie = 0 ptig
,..

I
Air -

14:1
To System

L2

Fig. 5-25. Relay details.

Trans

Controller
24 v Relay

L1

Relay 115/230
Contacts Volt Sourct

P. 5-26. Transformer/11day schernitic.

L2

540

After Fill

Volume = 60% Air, 40% Water. Air

Pressure.- 9.5 psig Water

To System

Fig. 5-27. Conventional expansion.tank (above) diaphragm
design (below).

No Pressure on
System

System Under
PressUre

Diaphragm

9 -3

To System To System



Check Valve
This type of valve limits fluid flow to one di-,

rection.. Thew are a number of designs available
for horizontal and vertical piping installation 'as il-
lustrated in Figure 5-29. A flow control valve is a
specialized check valve which prevents gravity
circulation in the solar circuits when the purnps
are off,

Vacuum Breaker
A vacuum breaker is sometimes used to

relieve an unwanted vacuum condition in a drain
down system. TWs ,/,4,1ve, shown below in Figure
5-30, permits the stem to drain efficiently by
gravity, by admitting atmospheric pressure into*
the return piping.

Pressure Relief Valve
A presisfire relief valve, also known as a safe-

ty relief valve, is pressure operated to prevent ex-
cessive pressure in A closed system in the event
of any malfunction. Figure 5-31 depicts one of
these specialty items.

41 C p

Manual Vent

Hygroscopic
4? Discs

Body

Vs" Pipe.
_Thread

titcmpl niesr4,
Fig. 5-28. AUTOMATIC air vent (above) perates oprneans
of hygroscopic discs that when wet expand and seal
venting ports. If air accumulates, discs dry and contract
opening ports and venting air. (Dunham-Bush, Inc. ) Float
type vent (below) operates by means of a float that opens

_-

and closes a valve. In (A) water level is hills and vent is
closed. In (B) air has accumulated and water level -is
causing float to open vent. (Armstrong Machine Works.)
Manual vent (above) must be opened and closed by hand.

Balancing Valve
A balancing valve is a simple$ inexpensive,

square head cock. It is use to adjust flow rate in
each circuit and especiall through the collector
array (see Flgure 5-32). Ther are special, more de-
luxe, balancing valves use , as can be seen in
Figure 5-33.

Pressure Reducing Valve
A pressure reducing valve is often used as

part of the, water supply system. Water service
pressure that is too high ,for some of the heating
system components can be reduced by , .)g a
valve such as illustrated in Figure 5-34.

Alf Eliminator
An air eliminator (Figure 5-35) is used in con-

junction with an air cushion pressure tank to help
purge a closed system of unwanted air.

Fig. 5-29. Swin6 check valve one of 'several designs.
,

(ITT Bell & Gossett.)

Auternatic
Vei,t

B

I

Outlet,
Pipe Size

Orifice

4

Pipe Thread Size,

Fig. 5-30. Vact:;im breaker.

no



Dielectric Unron
Several dielectric uniont may be needed in

the system. Connecting fittings made of certain
metals, as discussed in Lesson Four, may result
in corrosion and restrictiop of ficlifid flow through-
out the. piping., Corrosion is most apt to occur
when ferrous (iron) and non-ferrous (aluminum,
brass, copper) fittings and components are con-
nected together. One way to eliminate the prob-
'em is with plastic fittings or to use dielectric
unions as shown in Figure 5-36.

_a J

(ITT Bell & Gossett! '

Fig. 5-31. Pressure relief valve.

(Walworth Co I cz.--

Fig.; 5-32; Section view of ',rug r square head cock-us:8 Fig. 5-35. Special air elimination device connected toto acquit flow in multiple cir system s . diaphragm tank.

-t

Up To
250 PSI

II

Service to Building
45 PSI or More

0111 11i

Water Meter

City Water
Main

Regu ating
Val e

(Thrush)

Fig. 5-34. Pressure reducing valve.

Fig. 5-33. Calibrated balance valve.

Connection for
Air Vent

To Conventional
Extranston Tank

To Diaphragm
Expansion Tank

. IICrai..., ..
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Fill System
Filling the collector loop of a solar assisted

heating system may be done automatically or
manually. Manual filling gactices must be fol-
lowed if. local building codes prohibit connection

Copper Tubing

Plaitic Groriimet

Plastic Washer

Steel Connector

4'.

(Stockham Valves & Fittings)

Fig. 5-36. Dielectric union;

r.of a solar system containing a toxic fluid (anti-
freeze) to city water service. An automatic fill
system maybe a convenience to the occupant but
the (glycol) antifreeze may become diluted over a
period of time. This would create a maintenance
problem if freezing occurred. The manual fill sys-
tem would include a pressure reducing valve, a
check valve, and gmanually operated globe valve.

A/1 automatic system filling valve (Figure
5-37) has a bat-in strainer and check valve mech-
anism.

Glycol Fill, Point

Shutoff
Valve

Glycol Fill Hook-Up
for System

Fig. 5-38. Glycol fill system.

Flexible
Diaphragm

Flexible
Diaphragm

System
Side

System
Side

City
Water
Side

Built-In
Strainer

Neophrene
Anti-Syphon Check

When system pressure exceeds city
water pressure (above) sealing lips
of anti-syphon check prevent system
water from leaving system. When sys-
tem pressure falls below valve setting
(above) water enters' the system be-
tween anti-syphon check and flexible
diaphragm.

(ITT Bell d Gossett)

Fig, 5-37. Automatic fill valve with anti-syphon featu're.-
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Antifreeze-Filling Hook-Up
For a closed loop system that contains anti-

freeze, a fill system for the glycol must be in-
Gluded. One example of such a system is in F)gure
5-38.

Summary
Many kinds of controls and specialty items

are needed for a solar assisted heating system.
Centrifugal pumps are used for liquid systems.
Fans art used for air systems. When water
heating for occupant use is included, the systems
must include heat exchangers. Flumerout elect

al and/pr heat activated control devices'assist
in /effective operation of the system. Some non-
electricill specialty items are also required. Shut-
off valves and unions are also needed to isolate
major components inla liquid system so they can
be removed for repair. In addition, various hose
bibs for drain and fill service are used.

All of the control devices and specialty items
must be made safe beforethe system is. operated.
This means that all electrical wli,ing and plUmbing
installations must according to various
lbcal codes and lic using practices.-

z
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SIZING SOLAR SYSTEM COMPONENT
The Jeasic components of a solar heating

. system have. been reviewed in Lessons Three,
Four, and Five: The purpose of this lesson is to
provide an understanding of how to select the ap-
propriate size for each of the solar components in
the heating system. Figure 6-1 depicts a liquid-to-
air solar heating system. Ten" basic components

It of a typical installatio are identified in the
illustration.

Sizing Solar Colliectors
The fhitial step in sizing the various compo-

nents iri a-tolar heating systenils to size the col-
lector. Because collector Btu output and system
utilization of these Btu's 'is dependent upon a
number of weather and component -variables, a
great deal of research has been conducted' to
study system performance and to de,velop prac-
tical collector sizing procedures..Preseptly, there
are several sizing procedures proposectand Used
throughout the industry. These vary from simple
rules of thumb, suchgas the number of square feet

of collector as a fraction of the square feet of the
home (e.g., Collector area equals from 1/3 to 1/2 the
floor area), to highly sophisticated computer pro-
grams. Many collector rrigiufacturers have
selected a particular procedure and refined it for
use with their respective proprietary collectors.

Tables tor Selecting Collector Size
For example, Table 6-1 shtiws a tabulation of

the output of a specific manufacturer's collector
paKel in thousands of Btu's for each month cif tpe
winter' heating season forsele6ted cities in the
United States. The tablfiladicates that in January,
for the city of Columbus, Ohio, a single collector
panel from this manufacturer will supply 280,200
Btu's.. Armed with this information and ,the
monthly energy needs of the structure based on
building heat loss and monthly degree days, the
number of panels required to supply some fixed
percentage of the heating requirements can be
determined,

F(g. 6-1. Key components in a liquid to air 'polar system: 1. St31
Hot water heat exchanger, 4. Hot water holding tank, 5. Spa
leases excess solar heat), 7. Expansion tank, 8. Heat exchang

6.1

r collectors, 2. Storage tank, 3.
heating coil, 6. Purge coil (re-
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Another example of a simplified procedure is
shown in Table 6-2. This table gives a simple
divisor termed "LC" for 85 cities that can be di-
%tided into a building's heat loss per degree day to
arrive at a collector size to supply a specific frac-
tion of the heating load. This is based on siisula-
tion studies made at Los Alamos Scientific
Laboratory. Here is how it works.

Suppose &house located in Atlanta, Georgia
is to be solar heated. Assume the heat joss is
40,000 Btuh for 20° F average outside and 70° F
average inside temperature. Table 6-2 illustrate]S
how the calculation is made.

A third example of a simplifed procedurr_e_oe
be found in Table 2-1,of the SMACNA Installation
Standards. Figure 6-3 shows a portion of this

:..table.
In this table, a separate divisor is provided for

air and liqUid collector systems. Further, there are
two choices of collector tilt and a.selection for 30,
50 or 70 percent solar Contribution. Also, in this
case, the divisor is simply divided into the calcu-

lated design heat loss which differs from the pre-
vious example. Here is how to use the SIAACNA
table.

Con4der the previous example city, Atlanta,
Georgia, and the building with a 40,000 Btuh heat
loss. For''a liquid system, Table 2-1 provides di-
visors of 316 to obtain a 30 percent solar contribu-
tion, 152 tor 50 percent end 84 for a 70 percent
coatribution for a liquid collector tiltepat 53 de-
grees. Based on a 50 percent contribu

40,000
152 = 263 square feet of collector

I

Note, first,- that the estimated ciollector area
determined from the procedures used in Figure
6-4 and above differ substantially (325 vs 263).
Second, the Los Alamos procedure made no dis-
tinction between air or liquid systems. Also, the
designer had a choice of tilt angles in the
SMACNA procedure but he did not in the Los
4lamos proach. (Los Alamos assumed a tilt

Table 6-1. Btu output per panel per month - one way to simplify sizing.
F

MONTHLY OUTPUT,/COLLECTOR PANEL - MBTU

°LON
.Narth

Col
for

, Tilt
October November December January February March April

48.2 ow, Montana 60' 496.2, 338.8 264.3 333.6 _436.7 536.7 450.5
43.6 Bois Idaho 554 543.2 387.4 288.3 313.1 404.4 494.4 , 481.9
40.0 Colu bus, Ohio 55' 420.0 257.9 259.3 280.2 312.1' 394.0 360.8
35.4 Oklah ma City, Oklahoma 50' 637.3 554.2 508.1 . 504.6 494.2 , 556.3 481.9,
40 Salt L ke City, Utah 55" 536.6 407.4 392.2 345.4 406.6 4.75.3 440.4
29.5 San A tonio, Texas 40' 660.6 537.6 497.3, 527.5 529.7 590.6 484.4
32.8 Fort W th, rexas 45° 668.8 579.8 498.6. 488.8 497.4' 598.6 511.6
40.3 Grand L ke, Colorado 55' 509.9 386.4 370.4 390.8 450.9 410.5 415.0
42.4 Boston, Massachusetts 55' 425.4 307.6 279.1 303.0 319.2 389.7 339.8
27.9 Tamp, Florida ' 40° 660.0 656.6 610.0 646.7 608.0 670.0 578.0
33.4
33.7

Phoenix, Arizona
Atlanta, Georgia

45'
45°

777.0
566.3

663.0
489.5

589.7
422.7

606.2
423,8

655.7
441.7

756.0
518.0

678.0
499.0

35.1 Albuquerque, New Mexico 50° 719.2 628.7 580.8 604.9 592.9 682.3 588.0
40.8 State College, Pennsylvania 58° 468.6 307.5 255.8 280.6 312.9 405.8 375.5.
42.8 Schenectady, New York 55" 381.8 242.1 315.1 281.7 317.9 '365.2 319.5
43.1 Madison, Wisconsin 55° 465.5 306.7 293.9 321.0 343.5 442.6 370.2
33.9 Los Angeles, California 50° 604.3 577.2 ' 540.4 535.4 556.8 633.0 482.9
,45.6 St. Cloud, Minnesota 60' 419.8 309.3 274.4 362.7 416.3 , 482.6 381.6
36.1 Greensboro, North Carolina 50' 537.8 465.1 396.0 409.5 430.2 '''481.4 456.4
36.1 ) Nashville, Tennessee 50' 556.0 424.0 354.5 v125.7 380.7 456.8. 438,2
39.0 Columbia, Missouri 50' 559.1' 4385 339.3. 356.7 390.9 485.7 440.9
30.0 New Orleang, Louisiana 40' 589.7 506.8 .390.5 -.415.8 396.6 473.5 448.2
32.5 Shriveport, Lo na 45' 590.4 475.3 419.6 459.6 452.0 534.7 461.1
42.0 Ames, Iowa 55' 378.4 262.9 1,- _ 197.7 238.2 294.9 368.2 354.7
42:4. Medford, Oregon 55' 455.1 298.4 213.4 ' 255.8 343.4 434.1 412.3
44.2 Rapid City, South Dakota 60° 550.9 , 436.3 -383.3- 405.1 453.2 518.0 ' 420.3
38.6 Davis, California 50° 719.3 536.9 401.3 448.9 . 515.6 666.1 647.2
38:0 Lexington, Kentucky 50° 616.5 477.4 377.8 359.6 411.1 487.5. 479.9
42.7 EaSt Lansing, Michigan 55' 415.0 261.7 230.1 247.5 314.2 387.4 313.4
40.5 New York,. New York 55° 505.8 389.4 328.0 357.1 396.6 451.9 381.8
41.7 -Lemont, Illinois 55" 477.1 352.7 321.4 343.6 373.9 450.3 365.4
46.8 Bismark, North Dakota 40° '1' 491.1 346.6 279.9 335.6 ' 405.7 476.6 411.9
39.3 Ely, Nevada 55" 636.7 559.0 475.8. 481.1 512.4 597.5 483.4
31.9 Midland, Texas 45° 651.5 596.2 540.7 543.0 543.1 648.9 562.1
34.7 .' Little Rock, Arkansas 50° 578.4 470.0 .400:0 383.6 408.1 486.5 435.4
39.7 Indianapolis, Indiana 55° 501.7 354.3 t293.2 300.1 332.1 417.6 360,4

..,

8.2 665
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angle of latitude plus 10 degrees which, for Atlan-
ta, would mean a collector tilt of 44 degrees).

.Ths important point in this comparison is
that "assumed conditions" or specific simpli ied
procedures are not also the same. Be re a
designer/technician uses any simplified app'roach
for collector sizing, there should, be a thorotfgh
understanding of the assumptions made by the
developer, of the design tectinique. The designer/
technician should also be aware of how these as-
sumed parameters differ for specific applications.

FCHART, Collector SeleCtion Technique
Perhaps the best knoWn detailed sizing pro-

cedure and the one most frequently referred to for
specific collectors is termed the FCHART proce- °
dure developed at the University of Wisconsin.
(Table 2-1 in the'SMACNA Standards is based oti
this procedure.) Figures 6-4 and 64 show the
FCHART for liquid systems and air systems re-

spectively. Each "f" curve represents the fraction
of the monthly energx demand suprilied by solar
energy as gig unction of the "X" and "Y" co-
ordinates. -IW horizontal scale (X) is the ratio of
the monthly solar collector losses to the--mefithly
heating demand; the "Y" scale isihe 'ratio of the
monthly solar energy absorbesi by the collector to /-
the monthly heating demand. Since values of X
and Y vary each month, the fraction (f) of the
heating demand satisfied by the collector will

also vary each l'honth.
. The curves were d rived from computer

simulation studies of- two "standard" air and
- liquid solar heating systems. o use the F HART,

the slope and intercept of the efficiency c rve for
the specific man`ufacturer's collector hping used
must be Known (see Lesson 3, Figure 3-12, on col-
lector efficiency). In addition, the designer must
know the 'monthly incident solar radiation;
monthly degrees days, building heart loss) and

Table 6-2. "Divisors" to determine, collector area required to supply a fixed percentage of energy.

4

City, State .

Latitude
( °N)

Elevatleo
(ft).,

Degree.
days

LC (Itublegree.dayfte)
where solar provides 25%.
50%, 75% of total heat

Latitude
City, State

Elevation
(ft)

Degree.
days

LC (Btu/degree-day-WI
where solar provides 25%.
50%, 75% of total but

25% 50%/' '75% 25% 50% 75'.
Los Alarms, NM 7200 6600 1D7 41c: 21 Charleston, SC 33 69 2033 210 82 41
Columbus, OH k 40 760 5211 77 29 13 Nashville, TN 36 614 3578 1107 44 211
Corvallis, OR 45 236 4726 120 42 18 Lake Charles, LA 30 39 1459 261 104 53
Davis, CA
Ent_Lensing, MI
East Wareham, MA

39
43

42

50
878

50

2502
6909
5891

198
76
97

72 .33
28 13
37 18

Little Rock, AR
Oklahoma City, OK '

.Columbia. MO
Dodge City. KA

35
36
39
38

276
1317
814

2625

3219
3725

' 5046
4986

,., 126
134
102
126

48
53
38
49

if

18
24El Centro, CA 33 12 1458 5.47 2116 . 97 Caribou, ME 47 640 .9767 68 26 12Flaming Gorge, UT 41:, 627 6929 111 . 43 21 Burlington. VT 44 385 8269 63 24 11

Granby, CD 8340 5524 119 , 47 23,, Blue Hill, MA 42 670 636a 82 31 15
Toronto, Canada ! 44 443 A 6827 72 27 13 Cleveland, OH 41 871 6351 71 26 12
Griffin, GA 33 1001 2136 217 84 . 42 Madison, WI 43 889 7863 76 28 12
Winnipeg, Canada 50 820 10629 63 23 11 Saglt Ste. Marie, MI ' 46 724 9048 74 27 12 _
Ithaca, NY . - 42 951 6914 68 24 11 Saint Cloud, MN 46 1062 t 8879 71 27 13 .Inyokern, CA 36 11'86 3528 232 88 42 . Lincoln, NE 1316 5864 '1' 104 39 19
ANL, Lemont, IL 42 750 6155 79' 30 14 Midland, TX 32 2885 2591 202 79 39
Newport, RI 41 50 5804 97 37 18 El Paso, TX 32 3954 2700 228 88 44
Laramie, WY 41 7240 7381 106 42 21 Albuquerque, NM 35 5327 4348 161 64 31
Page, AZ 37 .4280 6632 128 48 23 Grand Junction, CO 39 4832 5641 119 46 22
Prosser, WA 46 840 4805 117 41 18 Ely. NV 39 6279 7733 119 47 23
Pullman, WA 47 2583 5542 100 36 16 Las Vegas, NV 36 2188 2709 218 84 42
Pus-In-Bay, OH 42 580 5796 68 24 11 Phoenix, AZ. 33 1139 1765 300 118 59
Richland, WA .47 731 5941 100 35 15 Reno, NV 39 4400 6632 125 47 22
Raleigh, NC 361 440 3393 133 52 25 Santa Maria, CA 35 289 2967 353 142 67
Riverside, CA 34 1050 1803 391 152 74 Bismark, ND 47 1677 8851 78 29 14
Seattle, WA , 48 110 4785 94 33 13 Lander, WY 43 5574 7870 108 42 21
Sayville, NY 41 56 4811 98 38 18 Glasgow, MT 48 2109 2996 105 41 20 4"'
Schenectady, NY 43 480 6650 63 24 11 Rapid City, SD 44 3180 7345 97 37 18
Seabrook, NJ 39 110 4812 97 37, 18 Salt Lake City, UT 41 4238 6052 107 40 19
Shreveport, LA 32 . 220 2184 179 70 35 Boise, ID 44 2895 5809 108 .39 17
State College, PA 41 -1230 5934 . 78 29 14 Great Falls, MT 47 3692 7750 93 35 16Stillwater, OK 36 3725 132 52 25 Spokane, WA 48 2356 6655 . 90 31 14
Tallahassee, FL 30

.910
64 1485 288 113 57 Medford, OR 42 1321 5008 107 38 16

Tucson, AZ 32 2440 1880 301- 118 59 Los Angeles, CA 34 540 2061 416 157 75
Oak Ridge, TN 36 940 3817 111 42 20 Fresno,CA 37 336 2492 195 70 32
Fort Worth, TX 33 574 2405 '185. 73 37 Silver Hill, MD 39 292 4224 111 43 21
Lake Charles, LA
.Apalachiola, FL

30
30

60
46

1459
1308.

244
324

96 48
129 ,65

Cape Hatteras, NC.
Sterling, VA

35
39

27 4612
4224

189
111

74
43

36
21

Brownsville, TX 26 48 600. 517 218 110 Indianapolis, IN 40
(2g

819 5699 86 32 15
San Antonio, TX 30 818 , 1546 262 103 52 Astoria, OR 46 22 -5186 127 45 19
Greensboro, NC 36 914 3805 128 50 24 Boston, MA 42 157 5624 86 33 16 ,
Hatteras, NC 35 27 2612 204 79 39 New York, NY 41 187 4871 88 34 16Atlanta, GA 34 9 1018 2961 '154 59 29 North Omaha, NE 41 1223 6612 . I 89 34' 16..
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average montly outdoor temperature. There are
also "Correcticfn factors" to be applied for "non
standard" variations in sysleFn. configuration,
such as larger or smaller storage capacity than
"standard," and heat exchaoser performance for

, liquid systems.

4 r

EVdegree day._ Btu/Hr
x'24 hrs/day(t, --t.,

liaverage inside temperature
average outdooj temperattde

40,000
(70-20) X 24 hrs/day

= 19,200 Btu/degree day

From the table in Figure 6-3 the LC division. would be:

154 to provide 25%, of the heating demand
59 to provide 50% o't the heating demand
29 to provide475% of the hettin? demand *6

size of the collectorUsing the 50% centr4AiOn: the
can be calculated as follows:

1

Btu/degree day
LC

substituting from 5bove

feet of collectors
19.200

59
325.4 square recluired.

Fig. 6-2. Calculating the BT13/degree day and solar col-
lector size using LC valte.

Values of X and Y are calculated for each
month-of the year for the localrty in question and
for an assumed collector area. Monthly values.of
"f" are obtained from the chart at the intersection
of the X and Y coordinkates. The monthly solar
energy contributions are then totalled for the-we-
son and divided the total heating demand to
determine a-seasonarvalue of 'f" The procedure
is then repeated for several other assumed !lec-
tor areas.

The results courd be as follows,for a specific
building and collector type; collector area (as-
sumed) of 400 square feetseasonal "f" equals
.43; collector area increased to 600 squaw

3.00

2.75

022 25

:13 0 200
(7) cm 1.75

is
cn c

1.50

o x 1.?5
1.00

11

0.75

>. 0.50

0.25

2 ;. 4

_\

= 0.9

0.8

f = 017

fl, _ 0.6

0.5. -

f 0.4

0.1
(fraction of monthly energy supplied) .

8 10 12 14

X, Collector Losses
_

Heating Load
.jiFig. 6-4. f-C 't1 for liqu -based solar heating sysiems.
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TABLE 2-1 cont'd
SOLAR CONVERSION FACTORS

UNITED STATES, AUSTRALIA AND CANADA

iril
.LOca.tion

'

Design
Temp.
0iffer

once

AIR LIQUID

30% I 50%

' .
Portion of Load Carried by Solar

I 70% 1 30% 50% I 70%

37°' . 53° 37° 53°
Collector Tilt

1 3p sr f ,437 53° 37 ,-- sr 4
r
37 530

Geortaia
Atl
Griffin

Idaho
Boise ,
Pocatello
Twin Falls

Illinois
Chicago
Lemont-

Indiana -

18

55° 292 297. 141 150 80 86 310 ,316 144 152 78 , 84'
4 &° 321 337 162 170 98 105 350 367 166 177 93 101

60° 196 205 89 , 99 45 52 205 217 88 99 40 48
72' 235 245 123 123 60 68 252. 266 t 114 125 56 66
62° 186 189 86 , 91 50 193

,
1,7 84 90 40 46

70° 74 78 29 32 14 16 67 70 25 28 15 15
70° 162 167 77 83 42 47 167 176 74 82 38 43

Fig. 6-3. Portion of al. 2-1 SMACNA InstallationdStendards.
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feet"f" increases to .55; and for a collector area
of 800 square feet--"f" eqUals .64. Thus, to supply
just over half the heating needs_( :55), a collector of
600 square feet would be required in this hypo-
thetical case.

The University tof Wisconsin has developed a
computer program utilizing the FCHART pro-
cedure. It is available for sale for private use nd a
number, ofilsollector manufacturers make thi ser-
vice.availabie to their customers. Details the
manual proceddre to use FC,HARt are incl'uded in
HUD's Intermediate Minimum PropertyStaadards
Supplement.

`Between the highly sophisticated FCHART
computer analysis and the drudgery of manual
calculations, there is a hand Calculator approach
deviSed by researchers at Colorado State Univer-
sity. Terme?"Relative Areas Analysis," a de-
signer equipped. with- special tabulat d data for
specific cities can simply "plug in" a few num-
bers into 'a calculato\and cteterin rte an annual
load fraction. Details of the pro ure are con-
tained in 'a thesis' written by C. nhis Batley, 't
D9partment of Mechanical Engine, ing, CSU, Fort' s.

Collins, Colorado 80523. The procedure also in:
volveo an economic analysis' to determine the
"best size" of collectoi. The coneept of lifecycle-
costing will be discussed next.

ECONOMICAL COLLECTOR SIZING
there are many reasons why a customer/client

may chooSe to purchase a solar heatilhg system.
Among them is a concern forthe environment,
fear of fossil fuel shortages, and a desire to have a
new and innovative heating system. However,

3.00

2.75

2.50

-13 2.25
co

3 2.00
47)c 1.75

Taw 1.50

1.25

1.00

0.75

0:50

0.25

0, 2 6 8 10 i2 14
. .

16

Collector Losses_
Heating Load

Fige6z5. f-Chart for solar air heating systems.
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when theAtime comes to pay for the heati g sys
tem, nerdy -all customers/clients will;wa to

n o ow mach the solar systerh will- save before,
"deciding to purchase. In tern-is-of economic bene-
fit, what size system might be best fora customer;
one that contributes 20, 30, 50; or 80 percent of the
energy need? Figure 6-6 illustrates a typical eco-
nomic analysis. Pie top curve relates collector
area versus fraction of the load supplied, aimight
be determined from FCHART, SMACNA, the LC
Table, or other pimplified procedures.

The lower curve relates collector area to
money saved over a 20 year period. Iri this exam-
ple, the peak savings are realized _for a collector
area of 630 square feet that would result in a60%
solAr.conthbution.

0.8
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Fig.. 6-6. Savingsr-versus, collector area
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Please note, h6wever,`th'at a modest change
of $100 out of the projected $3600 savings, in this
example would alter, the desirable collector size
from a low of 500 ,square feet to perhaps 700
square feet. Thus, the optimum plateay is fairly
flat and this means-one's choice is rather broad
terms of optimizing payback," especially because
of the many assumptions made to complete an
economic analysis. Presently, it appears that col-
lectors selected to serve from 50 to 70 percent of
the heating load are most economic in normal in-
stallations.

LIFE-CYCLE-COSTS
Because of the'- need to install a combination

system (solar plus conventional hellating equip-
ment), it is obvious that it will be impossible to
create a solar assisted-heating system which is
less expensive than a conventional system based
on initial costs. The sale will be made based on
what is termed "life-cycle-cost." (See Figure 6-7.)
The customer/client must be convinced that the
savings in energy cost over the 'yeafs,the system
will actually last (before it .wears oljt) will offset
the initial cost bf installing the solar heating.
system.n making the determination of life-cycle-
costS,, it is necessary to consider the followIng
factors:

1. Solar System Fixed initial cost.

21 Solar collector installed cost per square
foot.

4.

5.

6.

7.

8.

Loan interest rate.

Loan term.

Loan down payment.

Property tax rate.

Income tax rate.

Maintenance costs.

9. Insurance.

10. .Property taxes..

11., Present fuel costs.

12. Inflation

Obviously, these factors will vary according
to the location of the installation., It will be
necessary to becomfamiliar with the values for
each of the factors for a specific location:he sav-
ings versus collector area as shbwn in Figure 6-6 in-
volves a great deal of manual calculation. Build-,
ing. owner cash flows are calculated for each year
of the analysis for both solar and non-solar space

8.8

heating installations. By comparing the present
values of the yearly costs of the solar and non-
solar systems, the economic feasibility of the so:.
lar system is determined. Present value refers to

'the savings in term's of today's dollars, As.one
knows, the value of money is time-related; and is a
normal factor to consider when analyzing invest-
me6tsf.

"SOLCOST" COMPUTER ANALYSIS
Because of the. numerous calculations in-

volved, the computer can be put to ideal use. An
EROA funded program called "Solcost" is avail-
able to contractors to'determine optimum collec-
tor size. The cost is from $10 to $20 for sizing ant!,
life-cycle-costing. For an additional $40, a heat
loss calculation can be obtained; by computer.
Figure 6-8 illustrates the type of Solcost residen-
tial analysis that would be provided."

.For further information on the Solcost pr6-
cedur'e contact: International Business Services,
Solar Group; 1010 Vermont Avenue, Washington,
D.C. 20005, telephone (202) 628- 1450.

$3, 000

$1,500

$750

Fixed
Costs

Mairitenaace
and-

Operational
Costs . Insurance

N
a.) -

mc `1) Deprec-x
g 'iation

Annual Costs

These,
Factors
Could
be
Decisive.

Energy
Inflation Appreciaticin

44?
Tax
.Incentives

1st 2nd .3rd Annual
Year Year Year, etc.

Annual Fuel Costs

Savings'

Other

Fig. 6-7.. Life cycle costing is a method whereby the total
costs of a product can be measured against the annual
sayings, showing the buyer approximately when his or her
intiestment is paid for. .

'''\,
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INPUT

Input Parameter.

Solar System Type
Fuel Type for Reference Heating System
Fuel,,Xype for Solar Auxiliary Heating System
Collector Type'
Collector Tilt Angle
Collector Azimuth'Angle
Site Location
Building Heat. Loss Coefficient
Building Floor Area
Solar System Fixed Initial Cost
Solar Collector Installed Cost/Sq. Ft.
Loan Interest Rate
Loan Term
Loan Down Payment
Property Tax Rate
Income Tax Rate
Inflation of Maira., Insur. Property Ta
Present Electricity C $/Kw-hr

'Electricity Cost Esc ion Per Y

,teki
Solar System Type
This input parameter covers different types of solar systems used
for heating and cooling of buildings. For example, the indicator
(1) above signifies spar heating with liquid collectors, colleCltor/
-storage. heat exchagger, fan CO "3 or air duci hear exchanger
systems...0+.

Input

1

2
3
55. (Degrees) .

10. (Degrees)
DENVER
8.3 (BTU/Sq. Ft./Deg.-Day)
1950. (Sq. Feet)
$1000:
$12.00
.09 (9 percent)
20. (Year)
.22 (22 percent)
.02 (2 percent)
.30 (30 percent)
.04(4 percent)
$.035
.10 (10 percent)

XPLANATION OF SELECTED'INPUT VALUES

e (Conven Jnalf4Seall em
sOnural gai, gkeseLit.itY," , LR gas 0114,:i'"

etpu*r.an 11, rdicItdr--(2) as a ova, it means
feel used 'for tine reference or Conventional'

OUTPUT46 ,
4

COLLECTOR SIZE OPTIMIZATIOST-BY SOLCOST
Collector type = flat plate 1 gtas selective
Best solar collector size for tilt an le of 55 degrees is 400 sq: ft.

, Solar costs = 1000 fixed + 4800 collector + 900 storage
CASH FLOW SUMMARY

Full Type for Solar Auxiliary Healing System
TheSe fuel types are usually the same as those for4he reference
heating system input -parameter natural gas, electricity, fuel
oil, _LP gas and coal. The indicator (2) represents' electricity.
Collector Typhtt
All collector types including liquid, air, evacuat d tube, and
others can be defined' by this Oatimeter. The dicator (3)

,represents a livid, flat plate, .1 cover, se4ec e absorber
collector.

IRput conventional system costs = 0 ,

Initial solar investment= $6700 Down payment = $15Q0
Financial scenario --IesiPence

A-
(A

Yr. Fuel/Utility
Savings

(5)
Main

4- Incur.

(C)
Property

Tax

(D)
Annual
Interest

(E)
Tax

Savings

.,,(F) (0)
swan Net

Payment Cash Flow

2
3
4

.5
6
7
8

,9
10
11
12
13
14 "

,15
16
17
18
19
20

500
550
605
665
732
8d5
'886
974

1072
1179
1297

'---Ns\1427
1569
1726
1899
2089
2297
2527
2780
3058

70
73
76
79
82
85
89
92
96

100
104
108
112
117
121
126
131
136
142
147

135
140,
146
152
158
164
171
178
185
192
200
208
216
225
234
243
253
263
273
284

468
459
449
438
426
413 --,.
399
384
367
349
329
307
284
258
230- '
199,
166
13b-
90
47

181
180
178
177
175
173
171
168
'166
162
159
155
15.0
145
139
133
126
118
109
99

Totals 28637 2086 4020 6192 3064

570
570
570
570
570
570
570
.570
570,
570
570
570
570
570
570
570
570
570
57Q
570

-51500 (Down Payment)
-94
-53
-a

_ 42
98

159
228
303
387
480
582
696
821
960

1113
-'1283- /
147Q/
167-t
1904
2156

11400' 12703

sit

Payback time for net cash flow to equal, down payment
Payback time for net cash flow to equal down payment
Rate of return on net cash flow
Annual portion of load provided by solar
Annual energy savings with solar system
Tax savings -= income tax rate x- (C D)
Net cash flow = A B C E-- F

8.9 years
9.9 years
16.3 percent
72.0 percent
91.3 million btus

' Similar calculatiOns can be made for businesses and non-profit organizations wherwie special considera-
tions such as depreciation and tax deductions are accounted for.

Fig. 6-8. An example of SOLCOST use for residential homeowner*.

111,:'
s
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EFFECT OF MOUNTING SOLAR COLLECTORS.
AT ANGLES OTHER THAN OPTIMUM

For ace heating (only) applications, the
optim6 an e of a solar collector with respect to
the h izon ft 15° plus the local latitude. For
h'eatin cooling appliCations (where collector
heat is also used for cooling) latitude plus five
degrees; for' domestic water heating Oply, tilt

.,should be equal to latitude. For Columbus, Ohio,
'the latitude is 40°N; therefore, the optimum tilt for
heating is 40 + 15 = 55° from horizontal: For
some installations it may be impractical to main-
tain an optimum tilt. Before deciding to install col-

, lectors at the optimum angle, it l's very important
that the effeAt on the efficiency of the collector be
determinedand then consider the cost of the ad-
ditional collector area needed versus the expense
of an elaborate frame.

Figure 6-9 graphically illustrates the effect of
changing the tilt on the efficiency of the collector.
The computation of additional collector area
required is also included ,T Figure-6-9.

EFFECT OF FACING THE COLLECTOR EAST OR
WEST.OF DUE SOUTH

When a collector must be oriented east or
west of due south, more of the sun's energy which
strikes it is lost. As in-We case of changing the
tilt, this requires that the collector area be increased

to compensate for this loss. The griph in Figure 6-10
will -enable you to determine the efficiency
collector which is oriented east or west of due
south. For etample, a collettor oriented 4'4° east
of south will be 90% efficient. Using the 'same for-
mula as given in Figure 6-9, it can be seen that the
collector mystagain be increased by 11% to off-
set the lois due to the orientation.

SIZING THE HEAT STORAGE UNIT ,

_t_Lhosize of the heat storage unit is dependent
upon the material ,used to store, the heat and the
size of the collector. For a' typll solar collector
system the size of the bed stora e unit .1sdeter-
mined as shown in Figure & -11. Section 615-7.3.1
of HUD's MPS supplement for sorarheating speci-
fies minimum storage as not less than 500 Btu per
square foot of collector. efer to Lesson 4 on con-
verting Btu storage t
feet of rock storage.

gallo4 ter er cubicof r
-t,

SIzeing Heat Exchangers
,

A third major element in many solar. assisted
liquid loop systems that must be sized is the.h.eat
exchanger. Recall that, in liquid locip systercis us"-
ing a antifreeze or special heat transfer 1191.11d, a
heat e changer is used to separate the collector
loop c ntaining the special fluid from the storage
loop which contains water. For many gating and

. ,

1. +5 1+ 15 + 25 1 +35 1 + 45
o F

Local Latitude

s Example of How_to Compute In6reased
.

Collector Area Requrred,
1. A collector in Columbus, Ohio, is located at a tilt of 25'.
2. Optimum for Columbus, Ohio, is 40+ 15 =55.

Therefore, the collector tilted.at,an angle of 1 15.
3.; From is angle the collector will operate at 90% efficiency.
4. To corn)seite the increased collectpr area required (a) use the following formula.

Where
e = efficiency of the collector1

ems
e

a -1= 11%
.09

Therefore, the area of the collector must be increased by 11%.

Fig. 6-9. Effect of solar collector tilt or solar heating performance.

8.8
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air-conditioning technicians, this is an unfamiliar
component

,

Figure 6-12 shows three common types of
heat exchangers. A fourth type that may be found
in solar systems is an immersed element within-
the storage tank itslelf.

As noted in an earlier paragraph, the additiory .
of heat eichanger imposes a penalty on the sys-

0.96

0.92

0.88

0.84

>
0.80

a)
cc

0.76
Uc

.

',.7) 0.124
E
LI!

Off8

0.64

0.60
90', 60'
,West

30° 0° 30'
South

100

96

92

88

84%

80

76

72

68

64

60
60° 90°

East

!Fig. 6-10. Effect o,f solar collector orientation on solar
heating performance.

Air Systems
Require 1/2 to 1 cubic feet of pebbles per square foot of
collector area

Example: A 260 sq. ft. air collector array is installed in a
house with a 50,000 Btu h design heat loss anti an
overnight heat load of 287,140 in January.
Storage required: 130 (260 / 0.5) to 60 (260
x1.0) cu. ft. of rock.
From lesson '4, at a specific heat of 20 .Btu cu. ft.-
for rock and assuming a 70 deg. F temperature rise,
the storage would provide

.

130 >f 20 x-70 or 182,000 Btu's or
-260 / 20 x, 70 or 364,000 'Btu's

Since overnight h.e.at load is 287,14,0 Btu's, a 205
cu. ft. pebble bed storage bin, would be adequate
and fall Within the 1/2 to 1 culft. guideline.

Water Systems -
Require 1-2 ,gallons of water per square foot of collector
area

Fig. 6-11. Sizing solar heating storing units relative to
collector area.,

tem, since there must be a temperature drop
through the device in order to transfer heat.

Figure 6-13 shows a simplified collector-to.;
heat exchanger loop. In this case, a cou9terflow
single pass heat exchanger is illustrated. This

, means that the hot fluid from the collector enters
the neat exchanger at the point where the heated

Shell Fluid In
Shell

Tube Head

Tube
Liquid In

ti

Shell and Tube
(One Pass)

Shell Fluid In

Tube
Liquid

Out

4.Shell Fluid Out

Shell "Tube
Bundle"

Tube
Liquid In

Tube
Liquid Out

Shell Fluid In

U -Tube

Tube Fluid In

Shell Fluid Out

Shell FluiOut

Tube Fluid Out

Helical

6-1 hree basic heat exchanger types.
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water is leaving torage. This
"counterflow' pattern. between h-ot ang colder
fluids' results in improved heat ,transfer.

The optimunMeat transfer would occur when
the temperature 5f the water leaving the ex-
changer would equal the hot fluid temperature en-
tering the exchanger from the collector: In Figure
6-13, this suggests that the le,aving water tem-
perature of 155°F equals the collector discharge
temperature. However, this is never achieved. The
leaving water temperature will always' be less
than the hot_collector fluid temperature. The dif-
ference between the entering fluid temperature
from the panel and the leaving water temperature ,

from the heat exchanger is termed the "approach
temperature." Most heat exchangers In solar ap-
plications are selected based on a 10 degree ap-
proach temperature. Thus,`the illustration shows
a leaving heated water temperature of 145°F.

As might be expected," selections based on
larger apprOach temperatures result in smaller,
less costly heat exchangers. However, larger ap-
proach temperatures and sni.Pler heat ex-
changers tend to Increase the operating temper-
ature of the solar panel and as described in Les-
son 3, collector efficiency decreases with higher
operating temperatures.

Most manufacturers of heat exchangers use
computer programs to select a proper unit based
on the flow and temperature conditions specified.

To select .a heat exchanger, the designer
would have to provide
1. the desired approach temperature (usually

10°F);

2. collector loop flow rate (from collector
manufacturer specifications, but usually.
about .02 gprrper square foot of installed
collector);

b

155°: Entering Heating Liquid 4

Fro\rn Solar Panel

145 °; Leaving Heated Water

Pump i 135°F

Fig. 8-13. Schematic of heat exchanger circuits.

p.

To and From
Storage and/or
Heating Load

125°F Entering Water

I

3. Btuh to be transferred (collector +output at
specified design radiation);

4. -and either the minimum storage temperature
the flow rate fjom storage\ through the

heatex-changer. A

Because of the'lueirelationship hetweeA col-
lector and storage and terminal, unit (usually a
duct coil), a complete analysis of .system, perfor-
mance under actual conditions (laboratory or test
house) must be made to arrive at one or more of
the four items listed above. The designer/technician
must therefore depend on a great deal of assis-
tance from the component manufacturers to pro-
perly select the best heat exchanger.

Sizing Air Cushion Tanks
It is necessary to make provision for the in-

creased volume of water in a liquid solar heating
system caused by the heating of the fluid. There
are several methods of doing this. One is to use
an open expansion tank. This tank is open to the
atmosphere and must be placed three feet or more
above the highest point in the heating system.

Perhaps the more common method of pro-
viding for IM e expansion of the water in a closed
system is the use, of a closed or air cushion tank.
When the system is.first filled with water, a pocket
of air is trapped within the tank (Figure 6-14). When
the water in the system is heated, it expands and
compresses the air trapped within the air cushion
tank, thus providing space for the extra volume of
water without-creating excessive pressure.

in any systertt filled with water, the weight of
the water develops a pressure known as static
pressure. The static pressure at any pointNiri the .

syttem is.equal to 0.43 times the height of the
um of water in feet above the point in question.

- .

ompression Tank Before Fill

Volume = 100% Air
Pressure = 0 psig

After Fill

Air

Volume = 60% Air, 40% Water Air

Pressure = 9.5 psig Water

Fig. 8-14. Cutaway view of diaphragm air cushion tank.
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Thus, a column of water,ln piping leading tof
-or from a solar collector on a roof 19 feet above
would impose a pressure of 19 x 0.43 or 8.17 psig,
if a pressure gauge were connectedat the base of
the vertical piping.

In some solar systems, this "natural" static
'pressure is the only pressure in the collector loop.
In others, the pressure is increased beyond this
normal pressure in order to provide pressure at
the top' of the loop sufficient to prevent e hot
collector discharge water from flashing into s m.

PressureNolume
Water, like other' liquids, expands, or in-

., creases in volume when it is heated. The pipes
and other cornponents of the system also expand
son heating, but not enough to compensate for the
increase in water volume. F.or a water system, the
apparent expansion of the.water (differenC.e in the
expansion of the water and the systemAmpo-
nents) is about 0.025 percent per degree change' in
temperature. In other words9,'if a system is filled
with 50 gallons of water at 60.°F, and is then
heated to 200°F, the 50 gallons of water will in-
crease in volume by 50 x 0.00025 x 140 = 1.75 gal-
lons. Therefore,. the 50 gallons of water at 60°F
becomes 51.75 gallons at 200°F. The comp(es-
sion tank must pgrmit thg expansion and, at the
same time, maintain the maximum pressure de:
veloped in the system below the maximum allow-
able pressure of the collectors and other com-
ponents.

Diaphragm Air Cushion Tanks
While the conventional air cushioltank ade-

quatel protects a system 'from excellive pres-
sure Nsultillyrom temperature changes -within:
the system, its use results in air under pressure
being in contact with water at relatively low
temperature. This occurs at the air-water interface
within the.tank. Under these conditions, the water
has the ability to absorb, or dissolve, some of the
air in the tank. Later, as the water in the system is
heated, some of this absorbed air is released from
the water, since the capacity of water to absorb
air decreases as the water temperature increases.
This air must then either be removed by venting or
it must, in some way, be returned to the air
cushion tank. If it is vented from the system, the
process; will continue until, finally, all the air is
removed from the air cushion tank and the tank
becomes waterlogged. When this happens, any
increase in the temperature of the water in the
system results in an excessive increase in system
pressure. To correct this condition, the tank must
again be. recharged with air.

6.11

One method of combatting the problem is the
use of a diaphragm air cushion tank. In these
tanks, an impervious diaphragm sepirates the
water from the air, making absorption Of the air by
the Water impossible. '

Usually the diaphragm is made large enough
that it can lay across the sides and bottom of the
tank, as illustrated in Figu-re 6-15. The tanks are
pre-pressurized on the air side: of the diaphragm
to approximately 6 psig. Under these conditions,
not only is the air and water kept apart, but
smaller tanks may be used.

Determining the correct size,. ekpansion tank
is quite involved if basic formulas are used. For-
tunately, tank manufacturers have computed sim-
plified tables for their specific designs to ease the
selection process.

Table 6-3 is one example of a pi piffled se-
lection table. Here, the tank size is di en in terms
of gallons ortank capacit per gallon f water in
the loop. Thus, a loop wi h a fill pressure of 12
psig for an elevation of 1 feet would require a
conventional cushion tank ith a capacity of 0.22
gallons of water in the loop. If a loop contains 25
gallons of water, then' the expansion lank must
have a capacity of 25 x 0.22 or 5.5 gallons. A dia.
phratm tank could be slightly smaller (.17 x 25 or
4.25 gall rociNi .

If the fl id in the collector loop is not water,
then the expansion tank 'mak have t6 be increased
in size if the fluid's expansion'eate is greater than
that of water. Table 6-4 showS.corre,ctjon factors
for ethylene glycol (antifree.zey in various concen-
trations. For a 50% conceritlition and a 150°F de-
sign temperature, the tank size would have to be
increased by a factor of 1.8 (1..8 x. 5.5 or 9.9 gal-
lons). This correction was frequently overlooked
in early solar designs.

Manufacturers of specialized heat transfer
fluids should provide correction factors in ork44- to
properly size the expansion tank. As in all cases,
follow the manufacturer's recommendation on
sizing.

No Pressure on
System

System Under
Pressure

Diaphragm

To System To stem

Fig. 6-15. Conventional closed expansion tank:



Sizing Air Heating Coils ,

Air heating coils are used to transfer heat
from hot water (or steam) to air. They are used as
terminal units in conventional hjidronic heating,
systems for applications such as the heating of
ventilation air. They ate Jrso used for tempering,
rehea'ting, or booster heatidg of circulated air for
either comfort heating or process applications.

Modern aipheating coili are of finned tube
construction (F gure 6-16). The tubing is usually
copper, and t extended surface is either alumi-
num or copp ,. The coils are enclosed in a casing
designed to be installed in a duct systerhj, so that
the air being circulated is blown over the external,
surfaces of the coil while the hbt water is cit.-)
culateg through the tube. A

Coil ratings are b§sed on.a uniform air veloci-
ty over the face of theoil. Non-uniform air veloci-
ty may reduce the'output. The output of a hot wa-
ter coil used for heating air is a function of the
entering and leaving waterlemperature, the later
velocity, the entering and leaving air temperature,
and the face velocity of the air entering the so
Each manufacturer`has devised its own meth4d

. presenting ratings in a set of, table% charts and
computer selection procedures: Detailed instr
tions are provided for sele-ctingoils when the key
variables are given.

For comfort applications; it is possible to set
.

some tractical limits on the temperatures, flow
rates, etc. needed to select a coil:

4

1. air velocity across the coil should range,from
500 to 600 feet-per minute

storage water (supply) temperature will
range from 120 to 160°F. ,

3. entering air temperature will range from
68-72°F.

water temperature drop through the coil will
range from 10 to 20°F.

total system air floW rate will be determined
by auxiliary heating.pr cooling requirements.

t

Coil Depth

Fins

Tubes
(in Face)

0:'

Rows of Tubes
in Depth

lArx H _-_ Face Area

Fig. 6-16. Typical in-duct.hydronic coil.
.

tank selector procedure.Table 6-3. Simplified expansion

Air Flow

Initial or
'Fill. Pressure

psig

Max. Height Air Cuihion Tank
of System Capacity in Gallons

Above Gage Per Gallon of Water
ft in System

4 0 -0.10
6 5. 0.12
8 9 0.15

10 14 0.19
12 19 0.22
14 23 0.26
16 28 0.32
18 32 0.39
20 37 . . 0.48

4'22 42 0.63
24 46 0.85

This table is based on a final pressure of
and an initial fill temperature of 60'F.

Diaphragm 'Tank
Pre Pressurized'

to 6 psig

0.11
0.14
0.17
0.20
a24
0.29
0.36
0.47
0.64

30 psig at the low point in the systerh

Table 6-4. Correction factors for tank sizing when anti-freeze used.

Percent of
Ethylene Glycol*

Approx.
Freeze

Maximum Design Temperature
by Volume PI. 'F 150' 160' 180 200 "_ 220' 240'

10% +25' 1.15 1.13 1.1 1.09 1.db 1.05
. 20% +16' 1.31 1.29 1.24 1.18. . 1.15 '' 1.12

33% 0' 1.6 1.52. 1.44 1.37 1.3 1.23
50% -34° . 1:8 1.73 1.6 1.5 1.42 1.36

,rnterpolated f om Union Carbide data book. Use- 150 F colUmn, for temps below 150 F.

8.12
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Suppose the Space heating load in a solar
liquid- toair system is 70,500 Btuh. Assume fur-
ther that the cooling unit reqyires an air flow rate
of 1200. cfm.

First, calculate the required coil area.
Taking 500 fpm as the face velocity and di-

viding it into the total system cfm, the result is:

Total System (cfm)/Face Velocity. (fpm) =. Coil
Area (sq. ft)
1209/500 or 2.4 square feet of coin area reqiiired.

If there is a 20°F temperature drop through
he coil, the gpm of water that must be pumped

from storage, is

Space heating load (Btu) /[(!b gal x min/hr`x

specific heakIr x Temp'. Dro °F)] = Xolum6 of
water (gpm). \ .

70,500/(8.34 x 60 x 20 1) or 7.05 gpm.

Avume that the return air temperature is
-.70 °F and the supply water temperatur'e from star-
a0 at design conditions is 150°F. Then, referring
to Table 6-5, coil A has an output of 72,800 Btu/ at
These conditions. This is adequate for the p r-

poses of this lesson..
Complete manufacturer's literature will, Of.

course; offer many tables for coils of different
areas, flow rates, and entering conditions from
which to choose a unit for a given system.

SIZING FANS, PUMPS, DUCTS,AD PIPES '
The sizing of fans, pumps,,ducts; and pipes

will be familiar to most people takinghis course"
For those who may need to review these pro-
cedures the fallowing references are suggested:

Table 6-5. Sample coil output where coil rea as 2.5 sq.
ft. and water flow rate is 7 gpm.

Coil No.
Nom't
CFM

Enter '
.Water

Temp 'F

120
130
140 '''
150

;- .... Entering Air Temperaturer
; 70 F)I

3111
41 4'
48 21
55;0'

1

84 F

25 2 8

32 0
38 8

5

'88'F

22 5
''' 29 3

36.1
42 8

911'F

21.2
WO
347",
415

94'F

18.5
. 25.3

32.0
38'8

98°,F

15.8
22
29,
16:

C011 A

800CliM

120 45 91 33.4 29.8 4 28 0 24 4 , 20.8

1200CFM 130. 5491 . 42.4 38 8 37.0 33.4 29.8

N. ,14.Q.
..Q50,t.

§3431
-4.72 g.) 60 3 t

47.8
56 7

46.0
p 4 9

42 4
51.3

38.8
47.7

Coil B 120 59 5 43 3 38 7 36 3 31.7 27 1

1600CFM
130
140

71.1
82 7

54, '.

60 5
50 3
61.9 '

48 0
59.6

43.4
55 0

38.8
50.4

150 ,94 3 78 1 73.5 71..2 56.6' 6211

129.360 1' ',. 4'3 8 ..- 39 1. 36.7 321 275
2000CFM 130' ,,, 71 9 \55 5 50 8 48.5 43.8 # . 39.2

1.40 . 83.6 67 62 6 60.2 ,.55.5 50.8.
150 "95 3 7 0 74.3 72.0 7.3 04.6
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Duct Design: Appendix B and C of this docu-
m nt
S tion 3 of SMACNA Solar
St dards for a detailed discus-
asion of duct design

National Environniental Systems
Contractors Association. Equlp-
ment Selection and 4,Systt.m De-
sign Procedure's, 1228 17th St.
N.W. Washington, D.C. 20036

Pump Selection: Appendix D of this document.

Pipe Sizing: #ppendix D of this document.

NATIONAL SOLAR HEATFNG AND CODLING
INFORMATION CENTER

Public Law 93-409 made it possible for the
Department of Housing and Urban Development
and the Energy Research and Development Ad-
miniStration to establish the National Solar
Heati g andGet3ting Information Center. The pur-
po of this center is to provide a complete, one-

- ep Serviefacility for all information about solar
heatingtand cooling. For' example, it is possible
for 'designers, engineers, installers, service per-
sons, and others to obtain general information
about solar .heating systems and .to have their
name addedtoa ca

'name is on the list
tion about various
as it becomes aval

The center

egorized mailing list. Once a
current, continuing informa2.

rea s Of interesNvill be mailed
able.
ay be contacted by calling

.800-523-2929 (toll free) or by writing: Solar Heat-
ing, P.O. Box 1607, Rockville, Maryland 20850

SUMMARY
Sizing the components of a solar nerating sys-.

tern begins with the determination of the collector
size. In this unit, many techniques for determining
the collector size were introduced. The simplest

. -techniques are " -of- thumb" procedures. Con-
siderably more accuracy can be achieved using
pat' developed, by manufacturers Of collectors.
Generally, these data are available in easy to use
table form. The most complete andlccurate anal-
yses are prepared by computers based on de-
tailed input data provided by the designer.

Life-cycle-costing was ii?ttoduced as a tech-
nique.for deterniinirig the rngSt economical
1gtion. Research data suggeOt that a solar heating
system which will furnish 50 to-q0 percent of thip.
annual heating load( will. generally by the -most

`economical installatkon;-
The effects'of mounting solarcollectors at an

angle other than optimum and facing them in .a

-

A
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direction other than due south were presented.
Graphs were provided,which enable the designer
to determine.the reduction in efficiency of the col-
lector for both of these conditions.

Sizint procedures for the heat storage units,
heat exchangep, air cushion tanks, heatihg coils,
fans, pumps, ducts, and pipes were- disbussed.
Sev*I references 'were cited to provide addi:
tionat information about sizing each oflot4aese_
components.

4 4
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OPERATION OF SOLAR HEATING
SYSTEMS

Collecting, storing and using solar energy for
space heating requires the control of air or liquid
flow (or both). In Lesson Five, tre various types of
controls and controlled devices that are likely to
be fund in most solar heating systems were pre-
sented.

In this lesson, the basic operating modes Of
solar heating systems will be covered. Those de-
vices and procedures reviewed should be consid-
ered the most common approaches. Quite ob-
viously, there exists any number of highly special-
ized proprietary control and more
are'sure,to follow. Therefore, do not assume that
what is learned here is the only way solar system
operating cycles may be accomplished.

ALL-AIR SYSTEMS
There ape four essential;operating modesfor

a solar assisted air system: (1) space heating di-
rectly,from collector, (2) space heating from stor-
age, (3) space heating from auxiliary, and (4) stor-
ing heat. A fifth mode would be domestic water
heating, if so equipped..

As noted --iti Lesson Five, a two-stage room
thermogtat is typtcaily (but not always) used to
Sense space temperature Apd initiate demand.
The first stage usually opeMtes the solar system

- and the second stage operates tine backup heat-
.--,ing system.

T (Collector)
E

Damper J-1

On

Fan

ck Storage Bin

11.***40**. iellInoo
01110101144 goblos lime 'Ai b.111,graPa..11 Av.meS ill-anwo fr

tr.4Lea.11111 low 11111,
11111 1111:111120 41116111111r.

Heating Directly From the Solar Collectors"
When the sensor in the discharge air stream

of the solar collector indicates that the collector,
temperature exceeds a pre-deterrn;ined point, and
the room thermoitat is demanding heat, then the
operating mode is as sh-own in Figure 7-1.

The duct arrangement shown in Figure 7-14n- ,

dicates a two-blower system. This is fairly typical,
although a single blower configuration is also used
(Figure 7-2). More exotic designs may even in-
clude three blowers. Also, for simplicy, manual
and back draft dampers are not illu*atect

For the arrangement illustrated, dampers tl-1,
J2 Would tie positioned to isolate the Storage. -cir-
cuit, damper J-3 would be opened, and the econo-
mizer would be closed. The air flow path would
Allow the shaded area, provided. collector flow
rate and auxiliary heating air flow' requirements
were the same. If there is .a differencein airflow
requjrementS, then the bypass damper J-4 would
be opened and some portion of the air flow would
circulate through the bypass duct. Thus, if collec-
tor air flow was 800 cfm and the auxiliary furnace/
AC unit required 1200 cffin, 400 cfm would flow
through -the-byczs,s dUct. In this mode, both the
furnace.fan and collector fan are operating.

Heating Froth Storage
When the collector air tem

urnace/Ac
Unit

Bypass
(Optional)

Damper J-2

CO4IDITIONS: -. ..

41. Airspace'requires heat (A).
2. Collectdor.temperature (E) exceeds control point.

Bypass Damper J-4

ture is below a

SupOly Air

It

T (Air Space) A

, Return Air ..Room

Damper J-31
Outside?
Air ? 41
Closed.?

Economizer

Fig. 7-1. Heating directly freni collectors of an All-Air System.
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Collector
Water Heating Coil.

Summer
By-Pass

Hot
Store
Cool

4

From
Collector

11 Air
Handler

Furnace

Rooms

To and Frotn
Hot End of`
Storage

A
s I.

e.

To Rooms
Via Furnace

er
a.

predetermined set point, and the storage tempera-
tureris abbve a specific point (e.g., 90°F or above),
then dampers J-1 and J-2 are repositioned to direct .

the air through the rock stora0 unit. At this time,
the collector fan would stiut off. (See Figure 7-3.)

Heating with Auxiliary Furnace/AC Unit
In most instances, when the 'temper ure

drops lin the rock storage and fails to s tisfy
space heating needs,,the space temperatu e will
drop and the second stage'of the room thermostat
will close.to start the auxiliary heating. This unit
may be a gas, oil or electric thrnace or per'haps a
heat pump. Figure 7-4 illustrates the flow-path for'
this mode.

/
Storing Heat

When there is no demand* for heating from
the first stage he room thermostat but there is
collectable , the system switches to.the heat
storage mode. figure 7-5 shows thellow path. In
this mode, dampers J-1 and J-2 are positioned to
route the discharge air from the collector through
.the pebble-bed storage. TI)e collector fan is'. on
and the.auxiliary furnace fan may be either on or
off, depending on the use of CAC (Continuous Air
Circulation) or cycle fan operation.

Please note that. the flow path for storing
heat is reverse of the path used to remove heat
during the heating from storage opierating mode.

I Nus,

.,v;
Fig. 7-2. Adri;andl r, single bl er system design. (Sketch
above shows use in complete system). an

, . ,CM
Damper J-1

T (Collector

T (Storaga)P
G

Off

Rock Storage Bin
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0400Wewe loft 110010 b.11,ge.fmo."011111
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tt.111.261101110.1cAn
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VP

Furn
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(Optionh4
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it

Dampe J-2

g)N131-TIONS: -a
s.

.

1. Airspade requires heat (A). "f

,..:Colleeter temperature (E) is below control pclint.
) '3. 49torageteMperature (G) is above control point..,

4

"k.

Supply Air*

ro
T (Air Space)

. A

Room
Return Air:

Damper J-3

Outside?
Air ,1 $.
Closed !

Ec oriomerK .c)

Bypass Damper J-4

Fig. 7-3. Space -healing from storage.
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(Collector
E

r

Damper .1-1

T (Storage)

LIT

Rock Storage Bin

rP ro r.Ale quit*
%aka fa Or, duoftgoilloallus nog. obi* &foewarm.. yip

111101111604.- aft. al

Furce/Ac
Unit On

Bypass
(Optional)

Damper J-3

Damper J-2

rA

CONDITIONS:
1. Airspace requires heat (A).
2. Collectontemperature (E) is below contrOl, point.
3. Storage temperature (G) is below control point. ,

4. Furnace is energized by 2nd thermostat stage (A).

g. 7-4. Heati using the auxiliary heating unit.
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I
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Outside ?
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E
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G
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% Fig. 7-5. Storing heat:
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This flow path direction is essential to take full
advantage pfA ,temperature stratificatio11 which
'occurs in the r 6 torage. This permits the hot-

'IN, air to be When heating from storage'
In a typical eration,, th o.. collector fan would

_be turned on whenever the temperature difference

.

Heated
Air

Fressure Relief Valve

from Aquastat
Col-

lectors

.

gold In

Hot
Out

1.

.J
Circulating<)timp

'Hot Water Coil Storage T
Air Handler- . ,

Blended.
MbOng
Valve

Service Ho) Water

(Research Products)

-Fig. 7-6. Preheating d mestic hot wailer with an air syste

4

T (Collector)
E

T (Storage)
G

pT

Off

' 49 4
between the air entering alts leaving the collector'
exceeded 20 degrees, regardless ore demand fpr
heat from the room thermostat. 'Dampers auto,
matically adjUst for thg storage mode and heat -

storage continues until the room thermostat calls
for heats

Domestic Water Heating
Prehealing of domestic .water is possibte,in_

an all -air solar system by the addition of fin-tube.
heat excbanger in the air stream leaving e ol-
lector. Figure 7-6 illustrates the concept. .

A small' circulator pumps water thrpugh tfie
coil and into a water storage tank. _Preheated
water from the storage tank is then drawn into the .

conventional DHW heater. The pump is turned on
whenever the collector fan is on anci,the tempera-
ture in the water storage tank is less than about ,
140°F.

Sumper ,Operation.-Prgure 7-7 illustrates a
possible bperating mode where conventional
cooling Coupled to an economy cycle might be
employed.

If the room thermostat calls for.-Cooling:, the
bypass damper:J-4 is positioned,to':direct return
air through the bypas duct ifito.,the furnace/air
conditioning unit. The collector loop and ptorage-
circuit are now isolated.. Conventional ,coding 4
can then be accomplished. .

Rock Storage Bin

weigglivkanlwitella 3
os maw labAir
11. 16 11.111IPIP&P.n,LO6111 wam Iwo.. avow

Damper J-2

FUrnace/Ac
"Unit

Bypass
(Optional)

amper J -3

Bypass DaMper J-4

CONDITIONS:
1. ,AirsOace requiresicobling (Ali.' . ._
;2. Outside conditions (C) are satisfactory for providing cooling with economizer (K). .

3. If load cannot 6e rpet,with eco'n8Thizer (K), conventional cooling system will be bnergized from (A).
0-

T (Air Space) A

Room

Return Air

1

Open A:

Economizer K
T tm.

Fig: 7-7. Summer cooling mode.

7-4

. 4
,

T (Outside),



Whenever outdoor temperature and, hutnidity
are low enough, the economizer 'dampers will
open:Then, outside air will- be used to provide
space cooling rather, than the mechanical refri

.

geration unit.
Also, during summer months, it is possible to

use the,,sollector loop to provide preheating. of
do estiC water it a second bypass duct is install-

that the storage loop is isolated. Figure 7-8
rates this arrangemenj...
In, this mode, manual damper, J-6, is-open in

, theoummer and a manual darriper,,J-5,_in the stor-
ago loOp is closed. At the start of the winter
heating s ason;_these dampers must be changedf-
J-6 is c osed and J;5 is opened. Another design
(not s wn) uses outside air to' supply collectors
and, fter passing through the water cojl, the air is,.
discharged to the. Outside. Figure 7-9 strowslone
type of air handler Used in an afl-air system in r
cluding the DHW coil.

Tcrtme'vent scalding wa r from entering the
domestic hot Water line, it,i necessary to install a'
thermostatic mixing valve i the pipe from the hot
water heater. The themostatic mixing valve is con-
nected to the cold water'supPly piping and the hot

. Water line (refer to Figure 7-6). The valve:s purpose
is to mix cold water with overheated water to in- -,
sure that the hot water fOrnperature will remelt)

`4'nearly .constant at the laUbot.. The iheirmostatisc
mixing valve wikbe pakicularly important during
the sy.rnmer months when solar energy is plen-tiful:

Solaron
'\.Collector

Array

In case the water were tocoverheat, atem-
perature/pressurs (TIP) safety relief valve. is -in-',
stalled at the top off the solar heated water stof,
age tank. .A drain line from the :PP valVe toe point
near a floor drain will prevent escaping water from
causing any damage.

..., ..
. .

IMPORTANT DESIGN AND INSTALLATVON
FACTORS

. ''.Blower power? an0 air leakage are the most
important Actors in the design and installation of
an air solar heating system. ,kwell:designbd. sys-
tem will have an equal 'pressure loss in the collec-
tor and.the storage of approximately 0.3 inch of
water. The addition of ducts,and filtersrcould- in-
crease the total pressure_loss.for the system to as
much as one inch of water. Because this pressure
loss is about doubles.that,foUnd in a conventional.
forced air heating system, larger blowgrs are 're-
quired.- The -propetcs of storing .energy requires
'that the blowers run more' hours per day. There-
fore, a one inch of water pressUfe loss is the rroti-,,

/emum acceptable from t standpoint of, bloWerl
operations cost. , .... ..,,..'

Loss of heat and. pressure due toair.leakne;
is more of a problem in an ail_ solar heating system
than a conventional forced'air heating system. ..,..,

Heated Air from
Collectors

Domestic
Water

Preheat Coil 2,,

Air '-
Handling
Unit

'Water
Preheat'
Coil ,

Oackdraft Dampers

DamPers

,To Au0Cary
Heating Unit

Fig. 7-8. Summei domestic water heating with an all-air
system,

ro

,1

7.5

ey

Fig. 7 -9. Typical all -air solar air hen-idler.'
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s is due to four different factors: (1) air pres- HEATING' A IC

re in the syStem is higher, (2) there is more duct- SOLAR HEATING SYSTEM
mg, (3) the system runssmore hours, and (4) there , Liquid (hydronic) solar heating systems oper- '
may be more ducting throughunheated space. To ate basically thesameway as. air solar systems.
prevent .leakage, ducts must be taped weil-at all The most basic difference is the addition of a
joints. Fiberglass board or fiberglass lined sheet liquid-to-water heat exchanger in closed systems.
metal ducts should be installed which have an in- Also, some liquid systems are arranged so that
sulation valve of R4This will, reduce .he heat the inbdes of operation are simply (1) storing heat,
loss through the ducts tO.an acceptable level. (2) heating from. storage, and (3) heating by auxil-

Duct sizing should be b4sed on an air velo- iary. Space heating directly from collectors is not
city of-700-tO1000 feet per minute (fpm). All duct possible. (Figure 7-10 illustratesonel example.)

i :-t. bends should be fitted with turning vanes to re . One disadvantage,\of systems that eliminate
.'r, . duce pressure losses. .. _ direct colledtor heating is that sollectort muit

Blowers 'should be forward-Curved squirrel alWays operate above storage to k temperature..
''-r ',. cage type. To achieve quiet operation, blowers and, hence, at a .higher inlet temperature, This

shouk be belt driven at 900-to 1700 rpm, Flexible. lowers collector efficiency.
-;), : , connections between biliwers and ducts will add 'in systems where heating from the collector

.4. 'greatly to the quietness of operation. Direct driven ! is proVided, lower rimerature litqter can be used.
blowers with the motor in the air. stream have,a. to effectively hea the, spade, thus increasing
S.h.orter service- life than externally mounted 'energy utilization, To take fUll advahtage,. how-
motors.

..
. ; : ever; the terminal (spot heating) device must.

' ..t
Dampers.filled With live rubber sealS are res. , also able to utilize low' temperature water td...

ortmended ,for' positive r opoff and smooth_- , heatsuccessfully;ThIS.usually ruleSouthydronic
eratiori. All damper drive otors should be 'oda- ' baseboard unit's sized fd'r 220°F water, and many
red on the outside of tructewithAirect coupling to *- liquid systems use duct coins to.transfer heat to
thg..3dainper- sllaft through flexible Linkage". Addi-; circulating air. (Radiant floor`panels operatih.g at
tional safety and reduced. wiring cost an be. 110°F are another possible,option.)
achieved by installing low voltage (24) damper Figures 7-11 through 743 illustrate a typical - -

motors which have spring-returns. '. hydronic-to:air solar heating ,system with most
. .: Back draft dampers may be of the shutter or spOialty items omitted forciarity, Accompanying

'flat type. They mustbe mounted t&provide a posi- Fidyre 741 is a table which summarizes the con-
, tive teal against reverse air flow.

-iat dition of each'purnp and blower in the system for
. .

. .-each operating mode.
Sensors in the. collector and solar. heated.

', water storage tank, along with a thermostat
located in the space to be heated, provide the nec
essary infOrmation to'acentrai control unit. Based
on the information ',(electrical (signals) received,
the central control ,uroit opens or closes' valves
and adtivatees' the appropriate purhks and/or
blowers.. This control system makes the' system
completely automatic. - d 0

,

Heating from the Collector
In Figure -7:11, space heatirig ii being ac-

eUmp complished trornthecollectors.,,The room therm'o-
etat has indicated a need for heat and the sensor
in the collector is abOve ..sOme predetermined
,point, tor eXamplee0°F pr higher. The collector,_

. pump and storage pump are turned On anc the ii_..a
id/Water flow is as-indicated through the duct \*#
il. The lurnace-or air handles blower is also on
,cirri ate 'room air over the r)Ow hot soil..

eatIn frOithitirage . _

Fig, 771O E' A r presentativeisolsr Space and sery(ce hot In use 7.12, Of@ toorn still reqUiVes heating
-Water system withoyt direct'irating from collectors. , ..

it.*
.. i;:9'

A

Pump

'Cold Water
Supply

PtimP Pump'

Service
,Hot Water

- Pump

PreeHeat:'"1 Hot
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.but the collector temperature is below the control
point while the slorage,temperature exceeds its
control point, again perhaps 90°F. Both -storage
and collector. pumps" are stopped, and the' load
pump is started to take heat from storage,and cir-
culate it ugli the duct, coil.

Hat Pump
As not in FigureS 7-11 and 7-12, if a- heat

pump is u d for auxiliary heat, the duct 'coil
shipuld ben aced ahead of the' heat pump ref rig- ;
erant c. his Is necessary to avoid higher head
pres re on the compressor due to higher tem-

. per ure air moving through the refrigerant coil.
t with the duct coil in the supply system, a

higher','cut-off temperature, perhaps 120°r vs.

sed for Auxiliary

T (Collgctor4

C

90 must be used for the return side coil. Reis-.

ing t imum "draw doWn" storage tempera-
ture ah= overall efficiency of the solar
syste

Storing
Figur '3 illustrates the heat storing mode.

Space conditions are satisfied, but theempera-
ture differentla between the collector and stor-
age is high enoUri, 20°F- for,example, to initiate
collector, and storage pump operation. Diver VIN
valve one is activated to divert thedischarge from
the heat 'exchanger Into the top of the -storage
tank. The storage pump removes cooler water at
the boftorD of the tank and recirculates It through
the heat exchanger to be heated.

Owletlag Made Sterar/Cglector 04
PuTP

, co. a ..a
Auxiliary

Hooter
..

Blowy

Stofing Heat On Off Off Off
Heating froM Storage , on.

ft.
.0: Off 'On

Heirting qy Auxiliary
-I.

-Off f On or Off 3
On

,C)ertingsValve 2, .

NOTE: If heat pump .is used, .solar coil is placed downstream from 'twit purtip,coil.

t4 -

Conditions:. -
1. Airspace requires heat. (A).-

, 2. Collector temperature. (E) exceeds control point.-. ' . .

F19.,7-1t. Meeting tiom the cellector



T (Collector)
'-tm iE

T (OAT Temp)
F

Heat
Exchanger

Purge
Coll

Diverting Valve 2

Diverting Valve 1

Collector
Pump

Storage

Storage
Pump

T (Storage) G

Load Pump

NOTE: If heat pump is used, solar coil is placed downstream from heat pump coil.

CONDITIONS:
1.':Airspace requires heat (A).

-;2.'Oollector temperature (E) is below control point.
3. Storage temperature (G) exceeds control poin

Fig. 7-12. Heathy from storage.

Diverting Valve 1

Coil'
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c
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ro
T (Air Space) A
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Room

T (C011ector)
E,

T (Over Temp).
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1.

Collector
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. Diverting ValVe.2.. .0

.10107.4: If heat pump ig used, solar

CONDITIONS:
1. Airspace does not require heat (A).
2. Collector temperature exceeds storage temperature pi" (D):

coil is placed downstream from heat pump coil.

-t '
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Fig. 7413. Hetet 'storage mode
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CONTROLL-1.9 THE SEOUENCEOF
OPERATION

These operating modes wifit.ow be describ:
ed in greater detail using a '6:intro' schematic
along with a system diagram as shown in Figure
7-14.

First Stage Heating from Collector
Thermostat TS! positions valve VS through

R1 to direct flow to the load coil. Collector pump
P1 and storage pump P2 are enabled to run
through relay R1.

If the collector plate temperature TP is

Collector Pump
T Collector Limit (T,

Diverting Valve 2

Aldo
Off

.

.VP

L1

Cool T
Room (TS)

Fan Or Thermostat

greater than 90°F (adjustable), then pump P1 swill
operate through''relay R3 (in. series with R1). A
time delay will delay puihp P1 shutdown to pre-
vent short-Cyclirig. Pump. P2 operates only when
pumpP1 is operating and is controlled by 'relays
R1 and R3. 41

Valve VS is also under the control of the high
limit air 'temperature sensor TA through retay RA-
to divert flow frorri the coil if the discharge air
temperature exceeds the set point (make 140°F,
break 120°F). If first stage heating is satisfied,
valve VS is positioned to diver flow to the storage
tank, Relay RF through sensor TF will inhibit the

. la Stage 1:leratTS1)

---"4 2nd Stage Heat (TS2)

Diverting Valve 1
VS

T Collect
Plate (TP)

.T Collector
Plate Al

` (TPAT)
,LT D/X Coil

- Heat Exchanger
-Burner

P2

Storage Pump

JT,,
,M220
JI3210

or;

1

I
7LT)

R1(TS1) r

R3(TP) i(TsLT)

itt
Auto Auto!

OnOff Off

2

pT

R1
(TS1)

I R2
(TT).:

R3
(TP)

Auto Atita
Off 67' Off:'

P3

RAT.)
M140
.B120

T31) 3

Fan
On

-T1,

Solar
. Heat

Coil

L2

L,, L.; ..-Paveer in line voltage
R Relay P

Make contact to* z
8*-4.8realc.gsatat,t temp

Figure -7 -14. System control schematic.
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ro.
(Air-Space) A

fan until the fluid temperature is at least 85°F
(make 85° F, break 75°F). The furnace fan operates
in first or second stage.

First Stage Heating from Storage
Heating from storagela accomplished when-

ever energy is not available from the Rollectors; a
heating demand occurs and energy is available -
from storage.

On a call for heat; thermostat TSI throng
relay R1 will enable pump P3.10 operate. Puhie P2
is interlocked with pump P3 such that P3 will
operate only wheri,P2. is not operatingPump P3 .

will operate if the storage tank temperature TT is
gikater than 90°F (adjustable) throbgh relay R2
which is in series with Al. ,

Second Stage Heating -
If first stage heating cannot be satisfied, then.

liermbstat TS calls for second stage heating.
First siege heating continues during second
stage heating:

Cooling
Conventional citrolS and sequence are us-

ed fer air cooling.

T (CollOctor)
E

T (Over Temp)

Diverting Valve 1

Storage Tank Charging
Charging is accomplished by diverting flow

to storage through valve VS. Storage can occur
only when there is no call for heating. When there
is no call for heating, pump P1 and hence pump
P2'ere under the control of the differential tem-
perafure sensor.De11# T through Reley'R4. Pump
P1 .cari. run when TP is greater than TS by ten
degrees Fahrenheit (adjustable). The time delay
prevents short-cycling of pump P1. .

In some installations, a purge cycle-is used
to preventeverheating.otthe collectors. A number
of manufacturersinclude a purge or dump cyCle.
to discharge unwanted heatint6 the atmosphere.
In Figure 715, one possible purge cycle is il-

lustrated. torage and load pumps are off
and the c2it r pump is operatirTg. Diverting
:valve 2 is activated 'and diverts heated Aster
through the purge coil to be dissipated into MO at-
mosphere.

Domestic Watpr Heating
Preheating. Of domestic hot water involves

yet another operating mode One example is
shoirn in-Figure 7-16. This is actually a Sub-circuit..

of the
ySlem shovIn previously in Figure 7-10.

. '.f
Storage

Storage
Pump

4ivertin4 Valve 2

Collector
PI4101)

Load Pump

4 Return

NOTE: If heat pump-is ,used, solar coifs is placed downstream from heat pump coil.

.CONDITION:
1. Over temperature Condition exits in system (F)./'

Coil'

p, i '77

'Supply
)

Room

Fig. 7:15. Purge .cycle disOharges unwanted heat, to the
,

6
7.10

atmosphere.



The heat exchanger pump and the preheat
tank pump are operated whenever there is a dif-
ference in temperature between the storage tank
and the preheat tank. When the preheat tank
reaches a prescribed maximum temperature, the
pumps are shut down. A conventional gas, elec-
tric, or oil fired water heater is used to provide ad-
ditional heat whenever required.

Solar Assisted Heat Pump
Heatpumps have been widely accepted in re-

c,ent years as a`means-o reducing 'total energy
cost. Conceptually, heat pumps use the refrigera-
tion cycle to function, thus a single installation
can *vide both heating in the winter'and cooling
in the Biltierriei. Figure 7-17 illustrates how ihe
heat purap,functions to provide heat.

Figure ,7-17 illustrates, how the heat pu'rnri-
operates in the cooling mode. Put simply, the
basic difference is that; in-the first case, the heat
exchanger inside thebuilding is used as a con-
denser and giJes'off heat. In the second case, the
heat exchanger inside the building is used as an
evaporater and absorbs heat.

The installation of a heat pump with la solar
heating system introduces several interesting
possibilities. The simplest installation would be
to u'se a conventiOrial automatic heat pump as the
auxiliary heat unit in a hyalkilic system. This is
shown in figure 7-19.

.

.DOMESTIC HOT.WATER PREHEATING SUB-SYSTEM

- One current arrangement includes these op-
erating modes:

1. In mild weather, solareated duct coil pro-
vides heating.

2. As -.temperature drops, for, example to
45-50°F, the heat -pump supplies heat and
the solar unit goes into heat storing mode.

3. At heat pump balance point (output of heat
pump equals building load), duct coil is s
pliedl heat from storage to supplement. hea

1) pump output,

4. In the event.of no solar heat at collectors-or
in storage, electri0Pesistance heaters are
energized to supplement the output of. the

-heat pump.
_A"Another eriprOadh is to u onventionai

water-to-air he:atPuerip with, ar a sist. This is
shownjih Figure /40., There ar three operating

- ,r,

ugektianger

Heat Source:

Air

Water

Earth .

Compressor

-0
Heated Air

- Clos Valve

Into-Building -6- Operl,,,alve
v

.4.I
ti. -

Fig. 7-17. Heat pump in heating mode,

Pre-Heat Tank
Pump.

Cold Water
Inlet

a

..klot Water -'
try§ System

I?eat
EXchanget ti

i
Receiver

Expansion Valve r
c=,

Heat Rejection

Air

Water

Earth

Caidenser

ke-Heat
Tank 41,

'11,7

Hot
Water,.
Heater

Fig. 7-16. Domestic water preheating aub-system.

:11

Open Valve "
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modes for this system:

1. Storage water 80°F or above, solar heating
thrOugh duct coil.

2. Storage water between 80°Fand 45°F, heat
pump extracts .heat from storage, boosts
temperature via refrigeration cycle and sup-
plies indoor refrigerant coil placed in duct.

3. If storage temperature falls below 45°F, aux*
iliary heat raises the temperature of the
storage tank to 55°F.

is case, the use of the rater-to-air heat
pump, pe its greater drawdown of storage tem
perature ich, as noted earlier, Improves overall
collector per °Falai-ice. Whether the improvpment
is great enough to_offset additional operating
time and electridity-is not yet well established.

A third combination of heat, pump and solar
heating systems is shown in Figure 7-21. In this in-
stance a liquid-to-air solar system supports an
air-to-air heat pump.

The solar system serves two duct coils. One
is in the indoor :air- handler for direct space
heating; the other heats air supplied to the "out-
door" section 91 thiiiMeat pump. pescriptions of
the three operating modes follow.

ofr Collector
Panels

Y.

a.

d.

Heat Pump Heating with Solar Preheat
Assist

room thermostat demands heat

storage temperature too low for direct heat
supply to indoor duct coil

outside, temperature is lower than storage
temperiture
pump from storage and diverting valve supp-
ly heat to preheat coil for heat pump outdoor
section

144 W'
As in the water -to -air temperatUftsexample of

Figure 7-19, thiS preheating of outdoor air, which
is the heat source for the heat 'pump, raises the
coefilcient of performance of the heat pump. This
permits a greater drawdown of storage- tenera-
ture which improves collector pelformappra. Since
cold outdoor air moves over this coil, freeze pro-
tection may be required.

0110

2. Heat Spade Directly From Storage
Whenever storage temperature exceeds con-

trol point, for,examplep90°F, heat is pumped di-
rectly from storage to duct coil for direct space
heating.

3. Heating Space With Heat Pump Only
When putside air temperature Is higher than

Frydronic Solar
Heating Coil indoor Air Handler

Liobid-to-
Liquid Heat
Exohanger

Resistance
Heaters

v

1,7

4

1.==Ca=ge

Preheat t Domestic
41-plc-, Hot .

,r/ater

Fi 749.,Air to air heat pump with soirlissist.

7.12
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.

storage temperature, the heat pump operates
alone, extracting heat directly from outside air. In
any of these modes, if the collector temperature
exceeds storage temperature, then the differen-
tial controller will start the collector pump and
begin charging sto age.
- To conclude review of common operat-
-ing modes, the C rging cycle (heat storage) will
be examined in closer detail.

Figure 7-22 *shows, a graph of collector and
storage tank temperature (vertical scale) versus
time of day. At the start of the day, the pump is off,..-
and the tank 'temperature is higher than the col-
lector temperature. apt as the sun rises, the col-

jector temperature rises sharply and is soon
ilPhigher than the tank temperature. Typically4-when

the collector reaches point 1 in the figure, or
perhaps 20 degrees higher than the tank tempera
ture, the differential thermostat starts the col-
lector pump

gr.
But, as the pump starts,,There is a drop in col-

lector temperature caused by the inrush of cool
cjuld; this is point 2. Now, if the on and off set
points for tjr,differential thermostat are set too
close (e.g., 11)°F on, 5°F off), there is a chance
that the pump *III short- cycle. That is, it will start
when the collector temperature is at point 1 anct,
shop irrimediately when the collector tempefaturF:
temporarily drops to 2.

During the day, collector
perAtures rise until late afternoon. :y 6 p.m. or so,

1

kr;
storage tem-

the c ector temperature reaches point 3, and the
cone tor-to-tank differential is at the off set point
of 3°F, for example. °

When the pump is stopped, the temperature
of. the collector will Increase since no heat is be
ing carried away and some solar energy is, still
striking the' collector. This rise is shown as point 4.
Again, if The ate in temperature is sufficiently
high and the on temperature differential suffi-

Solar
Collector

Wafer
Cooler

o.

Auxiliary;
Heatei$

r.

Preheated:

Cooling ,,.
`AL

Pump

Storage Tank
Solar.
Pump'

Heating
PUmp °

Cold

t
%.%

Fig, 7;20.,Watar to air heatpump with solar assist.
VfliA

(T ..E. Moseley, lne.)

s.
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Outside Solar
Damper Coil

Recirculating
Damper

* es

. .
ciently small, then the pump"would start up again
and begin short cycling. To avoid this, the on dif-
ferential must of course be greater than the
collector -to -tank differential at point 4.

SUMMARY
In this lesson, the more common types of

solar air and liquid systems havOeereresented.
The relationship of each of the basic components
and the controlling mechanisms were discussed
in-some detail. The basic modes of operation di's:
cussed are:

cccOutside 1. Heating' from the collector.
c\ Air

2. Heating from. storage.

(Honeywell)

Fig. 7-21. Liquid to air solar .system outfitted with an air
to air heat pump.

lit Collector Temperature

a
E '

3. Heating an auxiliary furnace.

4. Storing heat.

5. Preheating domestic hot watit..

In addition, the possibilities of using a heat
pump in combination with a solar system were
discussed. >

6 A.M. 1 A.M. (Noon) 16 A.M. 12 P.M. (Midni htt 8 P.M.

PumpOff PumpOn PumpOff .

' '3:
Rho &ism)

t, Fig; 7-22. Pump operating cycle it; storage
mode.

9.

4'41k

es



DOMESTIC WATER. HEATING
o.

. -

-ar heating of domestic water cal? be ac-
complished by including the appropriate equip-
merat like those discussed in, the two previous
units in solar heating systems. Also, it is possible
to ipstall a solar waterTheating system, Figure 8-1,

" without a complete heating system. In fact, solar
wear heating is the oldest domestic use of solar
energy.

Heating water with solar energy generally
makes more "sense" econbmically than whole
house &pace heating, because hot water is re-
quired all year long. The opportunity to obtain .a
return on the initial investment in the system each
and every day of the year is a distinct economic

,

advantage. Only moderate collectatemperjatures
are requires to cause the system to; function ef-

`1k fectively. Thus, the heating of domesttc water canTbe accomplished during less than ideal weather
conditions.

This lesson is organized to provide: (1) an.,
overview of the different types of solar watei
heating systems,(2) an explanation, of how each
of these systems functios and (3) discuss loca-
tion and sizing of the collTctor for a basic system.
Some of this discussion will be similar' to the
information presented abdiit solar heating
systems in Lesson Seven because a domestic
water heating system is, in effect, a small solar
heating system.

Types of Solar Domestic Water Heating Systems
There are .basically three different types of

solar domestic water heating systems: (1) direct
heating/thermosiphon, (2) direct heating/pump cir-
culating, and (3) indirect heating/pump oil'
culating. The following three sections of this
lesson treat each of these systems indepen-
dently.

. .

Direct Heating rmosiPhon Circulating SystemV IF This is "the sl form of the solar,
domestic water heating systems beciause it re-
quires no pumps and very few valves. The 'flow of
water through the collector and storage tank is

- controlled by the temperature of the water in the
collector. the warmer the water becomes, the
more rapidly it rises through the collector and
enters the storage tank which is elevated,abaie
the collectors. Cool water is heavier (has greater
density) and flows from the bottom of the storage

a

Table 8-1. Dailirilloil`water usage (140°F) for solar system. design*

(Grumman)

TO heaqomestic water requires considerably less
,

collectod area than for space heating.,

Category
One and Two Family '
Units l/ and Apts.

up to 20 Units
Apts. of 2f, Apis. of 2/

20-200 Unfts Orar 200. Units

No. of People 2 3 4 4 5 6
No. of Bedrooms 1 2 3 - 4 I.- $
Hot Water/-Unit
(gal./day)

40 55 . 70 °- 85 100 40 35

1/ Assumes .20 gil. per 'Person for first 2 people and 15. gal. per person forVadditionalfamily e. .mbers.;., ti a ".
From. it. LIFseVerden and ,4_. G. Spielvogel: "Par;tPll Sizing of Service Water HeatingE4iiprniipt icir Commercial..ahg, Institutional BUildings.- ASHRAE Transactions, Vol: 75PIT, 1966- p.iv,.1.:1! ' . ;

.,
.,, ,i

06.- Adopted from. HUD Minimum 'Proper* StarTdards fOr Solar Systems. , "Ib'

..sq
41

.. ,-.,

.
ro
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.PanelsSuppOrted.in'Accordancti
with Local Cedeikand Ordinancds

'

Roof
/ Penetration

* ,

. e (
tank' tt} the.c011ectq Where lit is warmed and the
flow,contihttee. Figure 8-2 scherhakicpqt-depicts
this system. Several .'conditions, must be .mein-
tairted in order forthi9 tYpq of system to funCtiOn.
FirsLthe tank l'hust be Gated slightly above the
collector:VI3out1-2 feet.;

. , Nt.
.'

Tifiltperrrits the water to circulate4t-rouththe
system without the use of a pump. It alab prevents
reverse circulation which would otherwise occur
when the collector temperature is lower than the
stored water temperature. Typically, single glazed
collect° 40-80 gallon tanks are-used. Ir

This. of system iS simple and relatively /
./ Tintrl.tenisce.. free; : however, it possesses a,

hurrillar iSflimitations:
$1.

l 77.4',
1. ateiamperature varies depending 'upon- .

the amount of sunlight available and the rate
arwhich hot water is consumed.

.

2. The requirement that the storage tank be
above the collector poses some design pro-
plemsbecause the system cannot be readily
fitted iritOall types of struct9res.t ...,

The fact that the couegOf always congaes
water means that the.Mstern in its sim lest.
form cannot be used srn climates where the
temperature drops below freezing.

It is possible for the water iq,the system to .'
exceed safe temperatures. Therefore, it is
necessary that safety valvv be installed.to
allow excess 1Dressure to escape.

Roof Penetrations

_Compression Tank

Pump

Differential
Tetperature
Controller

,120 A C

Drain Point Charge Point

Heat
Exchanger
Drain

Tank grain

LEGEND

40.4 Automatic Alt Vent

-0- .Swing Check Valve

T1mperature Sensor

%-1 EVow

Tee

r* Union
4-

°

Access Valve

Gauge (Solar Eriergy Products,

Fig. 8-1. Typical dombstic solarAt water, system.

Tank Sensor

t.

8.2

Hot
Cold 1.

o

Fig. 8-2...Scheniatic drawing of a direct heating thartho-
siphon circulating solar weir heating System.



A direst ' heating/thermOsipho ufating
VA,.tern can be used in. .climates' Mere the

,oliWn.liperatOevairops below freezing ars:10(10d
',,valves arekin lied whi&h,willietitorrtliticallydrain

the collar when the Temperature in the collec-,

"tor;inear rfreelii-ig. To' Prevent the storage tank.
frofi drairdnd, another thtfrnostati6ally activated
valve between the collector and storage 'tank
must Close. Because this system of valves is
somewhat'complex, the possibility of malfunction
makes this type,of system impractical in freezing
tlimates,

Direct Heating/Pump Circulating Systems
The direct heating-pump circulating system

Jiff rs from the preceding system 'in that.a pump
is us- 0!J circulate the water through-the collec-
tor.(See igure 8.-3.) Because of the installation of
the pump, it is possible to locate the storage tank
below the collector. FOr many installations, this is
a much more practical arrangement bedause it
-allows-the collector to be placed an the roof and
the +Storage unit can be either on the first floor of
the building or in the basement

The difference in temperature betWeen the- collector outlet and the water-at the base of t4
storage tank determines when fhe circulating
pump will activate. A preset diffe'rence in-temper-
ature at the'sensors of approximate 10° F causes
the pump to begin pumping water through the col-
lector. To prevent reverse flow due to the thermo-.,
siphon effect When no solar energy is being col-
lected, a check valve must be installed in the cir-
culation piping..

hot water is not used at regular intervals,
is possible that the water In the collector and
storage tank may_eXteedAarrilatlempecature. It is
even- possiblethat boiling Mayttcimiritthe collec-
tor-To. prevent damage to the systerh, a pressure/
relief valve must be installed in the collector loop
line entering the storage tank. Thisealve releases
excessive pressure and permits the escape of
steam..

Because this is a direct heating system., "the
water which is being heated is also .circulated
through the collector: Like the thermotiphop
system, this system is subject to flreezing: to pre-

, vent freeze damage to the system, it is necessary
to drain the collector when freezing weather

- threatens. The required freeze protecti
that which was described in,the previ us section.
The most reliable'valves re mechanically driven
(by springs or other. cri chanital- devices). There-
'fore, in the c se of a power failure, the 'collector

.can automatically -drain'. Figure ,8-4 indicates -
Vele the.valveSshould located and Figufe,8-5

46,Optaifsralypica directheating-draiii-down instal!
7. la,tion. .

The single tank system inFigure 4-5 uses an
electric heatdr inside the tank to prOvide au4iliaryw
heating of domestic water when no solar energy
is availableor.'

Because of temperature stratifidationwithin
the tank (hot wateraf the top and colder,lienser

, . *

Temperature
Sensor

Cold Water ,Inlet

;Hot Water
Outlet .

Temperature
Difference

Starts
PUrnp

cr' Check Valve

Temperature
sensor

Fig. 8-3, Schematic diagram of a direct heating /pump
.circulating System.

I

Vent

Drain

144t-Way.
Valves

. : t\
Pimp on and Valves
Adatit Wateto Collector
-When:

Abotf,e 32 °F
.Below .180°j, 10°F Above

Cold
Supply

. Hot

Stooge
Tfok

a.

Temp
P essure
Relief
Vale

Collector Pump

Fig. 8-4. Schematic diagram of acirain down system for
/a direct heating/pump circulating systern.
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. - . . . \
water at.bottom),the electric element ikuSually
installed bear the top of the tank. This reds ths)
on time of the .hetiletatid takes -fpitadvantage of `
the available solatergy. Thereils; of course,p-
ternal mpcing caused by water entering and lea,v:
lug the -tank and this arrangement may not be as
efficient 'as a twoitank'Systertt.

Figure.8A is a, scherhatic of the system
shown in Figure 8 -4 but with the adciltlon of aseC-
ond tan'kctyPically a conventional water heater.

In ,this arrangement; the conventional healer
is connected In series with the solar. preheat

.

storage tank. The conventionaeltdater can be gas-
flitcyd,)ell-flied,. or electriC.

lated in thiwconfig.uration, preheated water
from the solar storage tank enters the conv.en-
tionalpeater befOre flowing throZigh the hot water

Vent

_3- ay
Valves

Check Valve
_Drain

/
6

CA

COld
Sugiply

1Purbp on and aj,
Valves Adrtit co c

Wate oto .... 0
i_.

Collector co

Whenr

s.
.

Automatic
Tempering
Valve To H.W. Service

CollEicto.r f Above 40°F
Pump . T. Below 180°.

T. .1dPF-Above

(11

' X
=,

te31
-

Fig. 8-8., Solar water heater Ini series

p

Valves in Drain-and
Vent Positions Wher
T. Below 40°F

with conventional
water heater.

'3=1 wFI:L7;L-12L.

Hot Distilled Water from Panel
.0,-

Sensbe Lead .

Differental Thermostat

hot Cold
,

TArpperature and
Pressure
Relief. Valve

0 Cold Distill
wir Water to. Pa

From
CfolleOtor

Electric Booster
Element
w /Thermostat

(State Water Heater) .....
,

Fig. 8-S. Preheat, storage and electric auxiliary hditer In
single tank.

tt

; 1.=-154"Collector
To

4 _
.mr 0, ,

-
(A. 0. Smith)

( 4.

Solar water storage tank
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service main.,In-this way, auxiliary heat energy is . derlege collectors and storage unit.. ,-
Used to raise >the water lemperatUre only when '" To elirninAte the first problern,,amixiti9 salvesolar energy is unavailable Or inadequate to'main- is typically installed between the solar storagetain preselected water temperature.

._ .

. .;

-,,
r indirect Herging/C1rFulating Syetems

temperature. The mixing valve is sometimes alspTo,ov;weome the problem ordraining liquid s
, referred to as a tempering'valve. FigiAre,8-9 details;.-- collectors wring periods 9f subfreezing Weather,

i.,,a typical connection.indirect heating , solai Oallector's have been "fi
.developed. indirec "sting systems" circulate an ..:- To avoid epessive.pressurein the collector
arrtifreeae solution special heat transfer fluid -, loop carrying the antifreeie or heat transfer splu-
through the collectors: Air collecto'rs can also be . tion, a pressureVhef valve,ts Installed in the loop.
,used. As &Jesuit, there' is danger-of freezing- - The Vale is-usutey set to 'discharge at pressure in*and no need to drain the system: , _ .7 ,

' Li4Liid Transfer Media. Circulating a solution
(of ethViine glycol and water throughtheCollector

e'and a heat exchanger is one means of eliminating
lliF Cold

- Supply
'the problemSof freezing. Figtire 8-7.illustrates a .

I'
AutoMatktypical liqUid system. Note that this system re- dr, Mixing. Valve

To H.W.

The heat exchanger permits the heat in-the liquid

Servicequires a heat-exchanger and an additional pump. - -1 .*. , -.

i..circulating throughtte c011ecior to be transferred From '
.t0 the water in.the storage'tank. the extravirmp is Collector,

a
1

._,reqUired tO cirCUlatB' water from the storage tanek ., ,-
4

.. .through the heat exc anger. /Ilk extra pump can , :+ storage ,
be eliminated if (1) 4t exChatger is Idcateed , To Tar*

.&4geatebelow the storage t nd (2) the pipe sizes :and , Collector,
heat exchanger desigri permit therornosiphori ac- t:

Aion tocirculate water 'from the storage tank
through the at exclaimer: or'(3) a cheat' ex;
changer, is u that' aclirally wraps around and . ,,

- contacts the storage tank and transfers heat,-, di-
.

. rectly through the tank wall. _,-, '_

Safely' Devices in Liquid. Media Systems.
There ere two major problems that might develop .

-tt,':vith liquid solar water Meters: (1) excessive,hot
water may enter the domestic hot water. ,service4 line, and (2) high temperature-high pressure may,.

,_

tank and -conventional water heater a's-shown in Ld

Figure 8-8. Gold water is blended with.hot wast eTin
the proper proportion to avoid excessive supply

Collective.

,_Cold
Supply

Automatic To H.W.
Heat Mixing Valve ,. Seriice
Exchanger,

.
Fig. 8.8. Sthematic diagram of the auxiliary heating
squipmenttor a solar,waterheating system.

ti4 ,
e Colq.Water

Remove Element Supply' I,
Before- Any -5"-oidering I. . .

To Conventional
Water Heater

,

Connect, Tempering
Valve 'with "Hot ",'
Port,at Bdttorn

Sweat ' -
- Connections

Pump
f °

On for Z. 10 -Above ,
Off fort.T. Above 180 °F

Hot.' Fitting
from Storage:Tapk

Fig. 8-7.4ndirect solar; ateil heatiiig,sytttem:
, .

N.

:.
(Lertaox

)
tempering valve assembly
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excess of 5tYpsi. T e relief valvels plumbed to an Changer 'or simple coil inside the storage tank
open dra , since fluid temperatuie mayexceed will, most often, not meet local health code re-
200° Fr e ember, this is unsafe, Contaminated quirements._

_.
fluid. - - t Figures 8-11 and 8-12 detail several heal ex- -

To protect the storage :tank, a temperature ' changer types and indicate those likdly to .meet
and pressure relief valVe is usuaily.installed on most code requirements. ' , , ,

the' storage tank. Whenever-Water in the tank ex- . ,
,

Air _Transfer Media. Air-heatiRgcollebtorecancesses about 210° F, the valve opens and purge,s be used to heat domestic water. (See Figure 8;13.),the hot water In the tank. Cold water. automatical-
-, The oper4tion of this type system is very similar toly enters the storage tank and provides a "heating

, the indirect liquid circulating system.load" for the collector loop, thereby, cooling down . The primary difference is that a blower (ran) 'isthe system. 'FigUre 8-10 shows examples of bath' , used to circulate air through the collector andsafety devices installed in a system. heat exchanger rather than a pump circulating a
Also shown in Figure &10 is the colleVor-.. w(liquid °loop expansion tank. This device is required to .1

.

"absorb" `the expansion and contrpction of the.
, The major advantages of the air tranSfer

. medium are ,(1j freedom from damage (hie to'
\ circulating fluid as it is heated and subsequently\ 14quid leakaggie the collector ,loop, (2)' freedom

cooled. Ally loop not vented to the atmosphere from. freezing and boiling, and (3) elimination of
must be fitted with an expansion tank,

.-

the risk of losing the expensive fluid in the collet
Heat Eiehanger. The`heat exchanger which , for loop.: I- he disadvantages,- as compared to

aCtss an interface between the sometimes toxic liquid media systems, include thel1) larger pipin'g
conector fluid and the potable water to,be heated required between collector and heat exchanger,
must be double-Atalled:That is, if one side of the (2) somewhat morenefgy required to operate the

---- heat exchanger leaksas-a result of rupture or cor-
..

./Circulating farl, and (3).the need, for a slightly\I
roslo

'
the toxic fluid will hot ,contaminate the

.
larger collector. . -..

water. \
- A \conventional s

PPerating Cycle
tube heat ex- o control the operation

Expansion
Tank Pressure

Relief ValJe

- .

Temperature andPressu
. Relief Valve

Watpr Drain
(Potable Water) Transfer

Fluid
brain

(Non-Potabld)
Water)

P umb Eachr to
pen Drain '

of direct or indirect
water heat.ing Systems, a dif rential temperature
contrdller is used to measu the temperature dif-
ference between the collector and storage, and
thereby control pump operation.

TypiChlly, when there is more than a10° F dif-
ference between storage. and collector temper-
atures, the pump will be started. When the tem-
perature difference drops to less than 3° F, hen
the pucrrip shuts off. ""

_ There are several modifications of this opera-
ting mode, one of which is the use of two-speed or
even mufti -peed pumps. Quite simply, when
so, lar intensity is low, the pump operates on low.
speed; as solar radiatiOn increases, the pump is
speeded up. This is intended to improve collec-
tion

Sizing pameic Water Heating Systems c!,

As with space heating, the`sizing of- a solar
waterheater system must begip.with an estimate
of the.atu load. Table 8-1 is taken from FIUD's

. MinimumVraperiy atandards.for' Solar Systems..
The minimum daily hot water requirements t6c
WOUS fesidence and apartment occupancy are
_listed. 'For exarnp e-, a two-bedioom home with

(Lennox!

Fig. 8710. Example onvnitafety valves on solar heater

three occupdsnts s ould be provided with. equip-.
rnent that can idd 55 gallons per day of hot

plus expansion tank.
C.

8.6



_water. Many designers simply assume 20 gallons
per day. per person, which results in slightly
higher-requirements than those listed in Table 8-1.

The second important consideration in sizing
solar domestic hot watet heating systems is the

,required change in the temperature of t'he incom-
ing water. The water supplied by a public water
system usually varies from 40 to 75° F, depending
on location-and ;eason of the year. A telephone
cell to the local water utility will provide the water
supply 'temperature in the area. Generally, the de-
sired supply hot water temperature is from 140° F.
to160° F. Knowing these two temperatures _and
the' _volume of water required enables ore to
calculate the Btu- requirerniat fo,r dOrnestic hot
,water. (See Figure 8-14.)

.
Outer Shell.

.1 Hot Water

Heat Transter
Medium

.

(A) Shell and Tube. This type of heat exchanger ,is used' to. transfer heat from a circulation transfer medium to anothermedium used in storage or in distribution: Shell and tube heat
exchanger's consist of an outer casing or shell. surrounding a
bundle of tubes. The water to be heated is normally:circulated
in the tubes and the hot liquid is circulated in the shell. Tubes
are usually metal such as steel. copper Or, stainless steel. A
single shell and tube heat. exchanger cannot be used for heat
transfeqfrom a toxic liquid. to potable water becausg doubleseparation is not provided and the tokic, liquid may enter the

.potable Water;supply in a case of tube failure,.

Heat Transfer
Medium.

Hot Water

Outer Shell

(C) DoUble Wall; Another method of ?iroviding a, double separa-
tion between .the transfer medium and the potable water-supply
consists of tubing or a plate coil wrapped around and bonded.
to a tank. The pOtable water is heated as itcirculates throughthe coil or through the tank. When this method is used, the

coil must be adequately. insulated to reduce heat losses.

Fig. 8-11. Examples of

The requireAallectoCarea to provide some
portion of this Bib load can be determined in a
number of ways.

First of all, a detailed FCHART perfoirhance
analysis can be performed. ReCall that in this pro-

! cedure, a collector area.is.issumed for a specific
'-olocality and monthly performance (fraction_of en-
iergy contributed by solar) are determined using
the X and Y coordinates of the FCHART. Then, a
seasonal contribution is determined.

As with, -whole house -spade heating, a num-
-per of simplified procedures have been devel-

..oped.
One-rule of thumb is: the amount of solar en-

ergy avairable at mid-latitude in the continental.
United States is approxirriatelY equal to 2000 Btu/

-,

Visual
Indicato'r
. /

1_7(

Toxic
Heal Transfer
Medium

,..6..w.o....C..0.0.09.050X1M004,0000.00oX0V.1=
".0( XWOC.:.:30.W.X.X0D0000000~:00,V0{00 011:

/ Expansion Chamber
Containing. Intermediate
Transfer Fluid,

Innermost
Potable Water
Tube

. (B). Shell and Double Tube. This type. of Pleat exchanger is similarto the previous one except that a secondary chamber is located
within the shell to su'rround the potable water tube. The heated
toxic liquid then circulates inside the shell but around this'
second tube. An intermediary non-toxic heat transfer liquid isthen located between the two tube dircJits. As the toxic. heat
transfer rnedium circulates 'through the shell, the intermediaryliquid is heated which in turn -,heats the potable water supplycirculating though the innermost tube. This heat e.kchanger,
can be equipped with a.sight glass to detect leaks by a changein, color 7-- toxic ti,quid often confains" a dye= or by a changein the liquid level, in tfie . intermediary chamber, which would
indicate, a failure in either the outer shell or intermediary tube,lining..

Flow

) ) Parallel Tube Heat Exchanger. A double walled exchanger'
table for domestic water heating-using toxic fluid in collector

grazed
Together

i.changer designs.

3



Square foot/day. AsSliming.b
of 40 percent, this .meartS, th_ G !--:-.J/squar-e
foot/day can be collegt.fp.Wig.th-a crape, y installez
collector. Using the exarrl*ir ;Tigure 8-14, tne
Collector should con-taip:-approxi.=---ely 137

squareleet.(109,956 = acto 37). a.: "ling 100
percent satisfaction of hot e..7&xp needs. If
a collector of this size were _sec --,144efer, the
higher summer radiati' c* 'eve..., a 3,Laiarner tem-

,

C

To Collectors

Col nsir
if to c
=hey a,

_.d p

E

.0-

Excrlaniger
Wall 1

1$7- Steel

-le tank (left) may n
is used in the cc

.be heat exchange'
..oly satitfy,most coc

7- Go
In

Hot
WatE
(Ou

fa S.

414et
In ,3zditton
OI

Single Vvall

- Electric
.6

'1"

Drip Phle

ill Surface
aat Exchartie2r

7ank Wai Layers ot.
10 Gauge .

Fiberglass
th 0.3 K Factor

Heat
Exchan
Drain

Tank Drain

M.', at right has "wrap around" heat e-'
ed fluid from the 'collectors flow,
jouble wall" comprising one side

shilk of storage tank. This meets
ards.

.-Iergy.Products)

through which
insferred across
exchange' and
,mum property .

FEL 8=1 . Coil _--oilinside the storage t;7,4 a= wrap around
heat exc ngers.

8.8

..,perature s wou c result in excess _apacity most of
the time. A more practical 8',.3=--Pach is to provide
nearly 17. : percent solar h water in July which
might -th, average out to i.6-:-..zent contribution
for the y_ear._Thus, a'.colleci:::- area 'of 0.7 x.137 or

_

\'about 96 square feet migh more realiStic,in-
stallati:-

Th= ruie -of- thumb" s 1(1 Drocedures Out
lined az rive assume'that th I-.7.ctor is installed
facing c_-e. sot.;:n and !nclir an angle equal to
the loca plus 10 de: --s. Modification of
these optimL7-- co!'.,ctor ation procedures

,reduce effe -.1veneki (,1 the collector...In
ce$4:ilh-,, Pea ista ,Dt beachieved, it

-,itces.s-sry t- ne size, of the col
Jlector ->6 in effectiveness.
The oPsr.lure,.. kir he additional col:
lector altb* arc icierrr- -,Dse described in
Lesscrrt There-777.. lics.irable to install a
dome: water hem. -;ystern"whiCh faces
S6.Utt'W/PS Jr "____utr tae

tl..Otson ent
tor°-Ea.,L zv Wes 7 =

-1USt

to the section-
Eacing the Collec-

Likewise, . the
different from

Latituo :us 10 he :cedure in Lesson
tX e-d "Ef g Solar Collectors
at A Other 3n .0): should be used to
coin the s; th- HoweVer,

:-roxim r -.fled through the
use -ure 8-

-ertica. scare -action of the an-
heating load sati:- oy solar energy.

,)ntal scale is AS/L. N -ere A is the col-
lec S is the average aairy solar radiation
or t hot l.lprital surface it January (from ApRendix
A) and L is the water -.eating load in Janu-
ar;

LA'

ectors
water heat exchanT.er with blower

at storage tank
--Itional 'water heater

valve (may be required)
-xchanaer to storage pump

S -3. SchemattiC diagram of an air transfer medium
SOillf water heating system.



sft

Cnovipusly, systefr designed to
total c3, heat Ibtal,,E3tu pad n wiener be
much %ersized in sum ler. Nhy? trit,
domps--.ic water heatiric oad woulc na but
sligb while the amou-,-:4 collectatile rad)-
atioh v3u1.Ø be subE-.1. iallv tart_
near uble.

2rr-_-p.rvations have "'d owed a
sizec rovide about .)ercent c
hot wale, load will pray fib ready al not u -! ter

:ener -5..1.eds in June.
Sm.; NA Installz :on Standards

<,

Example Problem:

GiVen thatoa family of six r,
40°F. and the requiremen
1. Compute: Water requir,-,-ents

'VS

tha riplar wate heating system' should be
des to provide -10 less than 50 percent of tr e
anr. neec ,

v. these pbir s in mind, Figure 8-15 can be
'use; -_-:stirnate. a -feasOnable collector area by,
first, as.:-,Jrning -the desired annual contribution
and, determimcg the value of AS/L from the
chart. _les of F frc-n 50 to 70 percent appear to
be reas. able assuptions. An example of the
applica n of this c ocedure is given in Figure
8-16

A.-pre ncor- v,, .-,)perattire
: ca

st),. geope
2C

,,, water , -,21:1 per 7:.

Because :a gallon of w.,er weig- 3.3.. .,:...
.4' water can be found by:
.2., compute: Heat Required z-- la,

(h.= -men'

're r..-3TU ement per

Fig. 8-14. Calculating the B7.

0.9
-o
a) 0.8

o.
0.7

-13 0.6co
o u-

0.5

° 0 4CU)
C

0.3

g 0.2

Me 0.1

-__ay

Is

for hot

.40-nte besting domestic Ft vater.

Service Hot
Water System 'er

1_

Tilt =, Latitude
A Soldr Coilectc,- Area, E-
H MeanJanuary Solar Rs

on a Horizontal Surface
,BTU/-(F17) iDay),

L January Ho+ 'sVaterLoa...
. BTU/Gay,

'

0 =

attle
Wasnington

1 I 1

0 , "a 7 0.1 1.0

st, V. A S/L

Fig. 8-15. Fradtion of annual load supplied by
function of January conditions (water system,

cl-L.

1.

Sc

1r .+1; 3

Z--

:6-Ppe-so a unify tr. -Bost:: lesired to install asola- war. Jig sys:em. L .3-14 we find that amimmurr gallon:, of 0- required per day.Prom thy water ....:!tty ear it January servicewater is ed at, 40 :esiL ot water service is
---,et at 14: Thus. we can c _dale BTU requirement:

L t. 3 , It t,)

41

Daily hot water r, equiremer gallo,ns)
-lot wate- service tempers- .re .

7emperare of cpld wate upply
Thus

:-., ?..'-111
-3 -- 40)

r -=
From x A, that the age' daily January' solar liatic- is .506 Btt sq. ft. / ThUs

50-: Btu / sq. 't.- / day
From- lure 'the 'mean e for _ 'L. for A 60% (F) is0.9. dete-mine the sr; of,the or-we use the ratio

Ae
0.9

L

Subs: Liting.from above
t

Solvir for A

A_

A v5506
0

(f4, 141
.9

64, 141- , 0.9
la,114

50E

r-.

sq 't of collector
, `. 4Plese.note that the urves of Fig. 8-16 assume that the

:ollecor is tilted atarr angle equal to the local latitude. To
cbmpenSate for .any c:Ilector tilt refer' back to' lesson 6.

8115. Determining the siie of the collector for a solar
lot watPr heater.



Sizing Other Components
For the most part, solar, domestic er

r,eating 'systems are available as prepac ed
c.,rnponents: Figure 8-17 illustrates two examples °
of prepackaged- domestic solar water heaters: .
These eliminate the need to size the storage tank,.
e.-..-fansion tank, and pump. For an individual wish-
--: to select individual. ponents, it will be '" -.--eb-1

-.--:essary to make the same .t e. of calcylations
a- or whole-house heating to de ermine the sizes
of such compohents. Tank storage would typi-
caty bill based op one day's .supply of energy
based on,thedaity Otu load..-.

s Figure -8.18 illustrates a, typical piping and
. wiring arrangement for a solar water heating

system: .

Economic Considerations ,
,As.with-space heati g, the prospective buyer

o- a'soiar assisted domestic water system will be
inrested in the savings accred for the added in:-
vestment required fora-Solar system. Most menu-
facturers of packaged -solar water heating sys-
tems provide some type of economic analysis to
assist the installing contractors in selling their
customers. For example, payback time for fuel
savings to equal total investment may be as little
as six to nitheyears at the present time.

As with, space heating, there is a computer.,,,
service called SOLCOST that a.contradtor can use
to provide.a complete analySi- ased on the infor-

,

1 1

-.61411114

....114

LE*

So+ar.Pane.Js rJs

ITTT Expansion
,T n k

!Jump

-' CO
a! o!

Suppf

,

Tv

Figs 8-17. Exjnpies Of prepackaged solar assisted domestic water heaters.-

1
e)80
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mation supplied to the computer service. Appen-dix E includes .a sample of. the SOLCOST Solar
Service Hot. Water Worksheet. Figure 8-19 plus-- trates a typical economic "print out" for a water
heating system..

This service also includes collector size op-
timization ca/culation that will provide\the custo-
mer the .optimum savings over the life. of the
equipment. ,

For full .details contact: International Busi7,.
nese Services, Inc., Solar Grou 1010 Vermont
Avepue, Washington, D.C. 20 ( ) 628-1450.

SwOnming Pools wytt Solar Assist
Solar Collectoirs can be used toTheat swim-

ming pools that are both'indoors and outs -of-doers.
Collectors used to, heat outdoor pools are

usually less elaborate than space heating collec-
tors simpV because they are used In the spring
and summer months. Thus, single glazed o'r even
uhglazed absorber panels can be used.

Manylunglazed panels are made of plastic or
rubber as well as metal. HON:vever, in the case-of

, metal, swimming pool .vyater is never circulated

WIRE LOW VOLTAGEr

TRANSFER
ELVIS SUM,

fY

WEAR
COLLECTOR

TRAYS

ITS VACy

COLLECTOR
DRAIN
VALVE

CONTROLLER

GIECK
vAL vE

EAPANSION
TNE

ISOLATION
VALVES PRESSURE

RELIEF VALVE

10 UAE TURN

NO\

AIR VENT VAL,/

TEMPERATURE
SENSOR

on... NI f/m5sIAT'Rutd

COLD,
REF WATER

TEMPERING SUPPLY
VALVE r

/ V

TEMPERATURE
PRESSURE
VALVE

GUR PRE..IF/OK/WATER

PRESSuREINSULATION
vALVE

WATER
TARS

s

R A NGIA
EFT

Ty NsFER SLUR)

TEMPERATURE
SUIISCRl

TANK u0.1,04 viyE

t
Fig. 8-18. Piping 'and
hosithig with storage.

JAC DRAIN viL VI

E

wiring

NOT
WATER
SOW.,

11 A

WATER
HEATER

. (Lennox)

arra,gement lor indirect_

trtr,bugh all- aluminum, panels because of et
sive corrosion.

Figure 8 -20 illustrates' both a manual F stem
and an automatic solar assisted pool
system.

Under natural conditions. coc wateriv
some heat during the day and en lose
teat at night. Typically; pool water may c

average ambient temperaturE :y up fc
gees under these conditions.

-Outdoor swimrr ng pools los- -eat in -

'ways, namely by:

1. conduction thrcugh the
the ground.

-ater at t

2. convection at tne pOol surfac.,
3. evaporation at the pool surface.
4. radiation atlthe pool syfface.

eConduction losses are usirally sma
to the other.mos#es of heat loss. Thus, to
use of any solar assist (natural or with
outdoor pools should be provided w;-
covers so that cony ctive, evaporative, a-
tion losses are mi imized.

. One type of oksover or particular
to the solar ',tee nician is the transaafen
Thisoproduct a ows copsiderable solar e-:
pasthrough uring the day, tb help hat
water as W ll as minimize pool heat los
night.

tr Considering typical -pool heat loSs3--
usual rule:of-thumb- sizing procedue sL tosthat, for adequate performaltre, the Collect
should eqUal half the pool'arew.for south
collectors. Fpr other directions, additional
required. Figure 8-21 lists a typi,6a1 recomr
tion forseveral orientations in a mild.Elima.
plication.

Proper tilt depends on the season of t-
*forwhich poo jfleating is desir&d. In north,:

mates, pool heating is genera y required
sumrrier, thus the preferred -till is latitude
19 degrees. In sbuthern-iireas, nter pool h _

might be the-objective. In this .:ase,-the pro
tilt is latitude plusf0 degrees.

Most manufacturers of cc ectors
for pool applications offer desit assistance ar
make reaornmendations on cont-ol of the ssterr
For additional information, co _n ritF-ie Nationa
Swimming Pool Institute; 200C K Street, N.W.
Washington, D.C. 20006.
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Solar Corumonarnts Slzk

intar stc. .,ft ank size
*oat Excr....-us#: None
zrrno Criers--4orlatics

Coliwateles..JFIow 41.14?

--arloctor Slat Jollenlorollo
awectr Tan. '18

=warn Solar -itfeCIC
.your tr.;vater .;MSTS aoit

-urzallsoon

-ash Flow Smemnary

5
5

3

-ram

4

4

'6

119

41'

245.

N2

,.
44;

549.
568.

oe0,33.

ate cc ,actor is 84 gallons

-Irsepower. 1.40 gallons pe

SOLCOST

Glass= Selective.
Tilt -ngle of 43 Degrees is 5 Sq. Ft

400.00 ;fixed 700.00 Collector 106 30 Sto--3ge

.00

a
lane

fC)
overry

On
Annual gia Loa(F)n

O
Not

(
C..,

,n as intoroot Seeing. Payment Ploy
4"3. 369. 72. 363. -20E -3R4

ii 8-G./ 148. 65. 363.' -201.

52. 124. 58. 369. -20-

3 :. 54. 913. 50. 363. -20G.
, 56. 68, 41, 363. -198,

58 36. 31. 363. -19 --

Si. , O. 20, 0. 16--

63. '0. 21. 0.'' 18

If 66. 0. 22. 0. 196-

68. 0. 23. 0. t 212.

71. 0. 23. 0. 229.

74. 0. 24. 0. 2443.

4.: 77. 0. 25. 0. .266.
#,. 80. 0. 26. 0. 290.

5, 83. 0. 27. 0. 313.

87 0. 29. 0. 339.

.:
9C
94

0.
0.

30.
31.

366, *
395.

97 0, 32. 0.. t 426.

31 101. 0, 33. 0. 459

85 1430. 643. 683. 2178. Tii gt-

'',.aoack 1,-. 1 for tile; S3. -gs to eoual total investment -9 9 years /
-Posoack 'or ne asr law to offset down payment - 13.3 years'
Rate of re or rtes. cash. flow- 8.5 orient

13, of load nrouided by solar --- 35.3 percent

4 Jy salkngs.ovit- solar system -11..6 million Bi--Jo'

Saviny. Income -a:- Rate x (C
4111a Casn ;low = A - B C E - F

1 Fig. 8-19. Example of "Solcost" analysis.*

c.
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Z
Water PLTI:

-from Pool
-- filter

Strai

Check ValveReturn
to Pool-

=lows Through Panel's
anuat Valve is Closed

sah6al
Jalve

SUMMARY
The nree basic types)of s. . mestic hot

water 'eating systems have be=--

1. :2-4-rect.theatingltherrnosipho=

2. ,rect heating/pump circulac

3. ndirect heating /pump ciircu /g
... t.

Trans-er mediums and heat exchers for these
syste is were discussed. The v-----.us operating
cycles anc controls were Consic:7-ec along with
the required safety kilo%

Sizing of the varioeomporl*-- s of comes -
tic hot water he ing systems were described n
r6lationship to t e economic factors Ovhich affect
the decision t purchase such system. Also,
some consumer information regarci-,g the use of
solar systems to heat s.wimminc pools was pro-
vided." Finally, suggestions for obtaining assis-
tance in preparing sizing and cost analyses for
solar heated DHW and swimming pools were pre-
sented.

From
Pool

Fla. 8-20. Manual an

ti

To
Pool

Rho Sigma)

automatic solar pool heaters.

$

1. Determine the surface rea of -the pool.
2. Select appropriate prop idn as determined by collector

installation.

_.50 - .70 .70 - .80
Panels facing south,with"
tilt of latitude + 10°

' o

..-

Panels facing scvithwest or
southeast

Of N\
Panels nqt tilted at latitude
+ i0°

3 Multiply:
Surface Area x Proporiron
to determine the
collector area required

Fig. 8-21. Estimating the size of the collector for a swim-
ming pool installation. ..

8-13

-

-1

%.

41,



HEATING SYSTEM INST LLAT1ON
Many' factors influen e decisions about the

feasibility of inStalli a solar heating,. system.
Previous les,sons have It with the problems of ,
solar insulation dictated by the geographic loca-
tion of the-str cture. Problems of air - versus- liquid
collector loo' 5 have been discussed. Various con-
trol niecha isms have been presented. The-eco- -

nornic factors of solar heating systems have been.
identified. Total systeril Operations were ex-
plained with the inclusion of domestic hot water
(DHW) requirementS.

At this point, decisions must bmade about
- aestheticalues and physical space r,dquirements

of the solar hea,ted structure. How do c-ollectorsw
affect the outward appearance oVilhe builctingy

can an exteri§r, aboveground 'equipment be
hidden? Where can the heat storage (Figure 9.1),
transfer systel-n, and,on/rols be placed? How
noisy will file system be when *.it is fully opera
tionalT In addition to all of the spke require-_.

- ments forihe solar heating equipment, where can

C

doir

the 100 19e ent a_x..._a., heating systerro-fc-, the ,
'Occupant' comfy -- mod hot wale- needs-be lip-
cated? *- , .

1 'iTh e questit all affect the utilization of
space an a buildin --, e. Where is the R-1-..- valu- .

ii,able space or he 7 -.ery? t-area e oe-
' upant have t..: 7el -__ sh for t varioL z Des of

quipment? Can '.,r-- area =alley an ---iiiui..11.exit

e o' the so-
lar

p9le i U- -_i- h
tRoom" be accor-iirrida.:? .5ueh ectsios as

. theSe must be ma
lar heating projel -iga Bless of _whet'-e- the in-
stallation is-in a r -:-.,,, st.o.;:,ture or a ie---ofit in an
existing building.

Gc idelipeS >ve "o beiottained ,-om the
comporent mar, ^S so that inspection,.
mainterarce,-,ar alr pan be done. For exam-
ple, how iarge access or -he equip -.

ment roorn<loor =?(.: accomrrl.: :a-te."corn-'
ponent (pump, t =Tc4 removal, s.a.- -vice, arid 14*
ins.tallation? 0

Liquid System

1

46

.1

Basement
or C wl Space

Underground

`t--h

c-)

C.

Bament or
Cn\N1 Space

el .

Fig. 9-1. Possible Heat storage unit locatioas.. ,

(



,

Schedu.ling is rear Agin when these
decisions are finalized r - --actual documents
between the occupant an ,ns ., ler. The occupant
should have informatior ancL- eih is being por-

t( chased and. installed. iv,= ercentage of the
total heatoad demand water n are
being proyidecrby these ur :" What er
erating r¢quirements (u- t :es maintenance,
svpplies)? How long der- :he system be expecte
toast? Answeri to these questions are forthcom,*
ing.

Solar Component
Installation

I. Thermal Storage
Container

1. Structural /ase

.-
2. PlaCement r*

tainer
3. Piping con

.,ons
4. L Jak test (Olin,

(Not May re-
quirk-s, ubsequent
drairiind to pre-

o vent freezing)
5.. IrfSulatia

-v6.61
'II. Solar Collector - 1

Subsystem

1. Preparation of
support structure

2. Placement on
oof or support
tructure

/ ) 1),
Installat\on of pIQ-
ing toi.egkiipment
MOM
Leak test of col-
.lector-loop

5. In s-plation and in-_
spection of col,-
lector tnp-ing---

Heat Transfer
SubsYsteM

1. llation of pip-
punts,

vaJs'es, ett.

' 2. Leak test of
Numbingj

N

Ef6

4

New Construction Installation

This section of the lessorldeals with.netv
construction and is divided into two parts ac-
cording to the fluid mediuM (liquid or air) being
ugtd.-Compfoneries and systems will beft iscussed
as they would normally occur in scheduling con-
struction of the entire structure. Appropriate refer-
ence to SMACNA installation- standards, v}here
noted, should be read. (See Tables 9-1 an9-2.)

k
Sola4 Syslem Installation Scheduling

(Liquid Heliting System)

Table'9 -1

Bulk:Wigton-
struction Stage

Durirjg fodndation; con-
cretd work
Following foundation,
'ncrete work

-ng rough-in plumbing
mese
During rough-in plumbing
phase leak test

Following leak test

DOring framin hase

Prior to insulation, dry- 40'
walling, ai plumbing I,
stack-out. Also prior to fir,'
isning maf and roof flash=
ing.. o

Prior to insulation and dry-
wall

Prior to insulation and dry-
wall
Prior to drywaht

Arior to insulation and dry-
wall (Note: Early installa-
tion could provide solar
heating for drywall work)
During rou0e plumbing
leak test

Solar Component
Installation

3. InsulAikan and in-
spection of pipi9g

4. Installation of \-1

auxiliary furnace;
'and/or cooling .

sk., ,t

IV. DoMestic Hot Water
)System Initallatibri

1. Instarfation of
,heat exchanger
and piping to pre-

at

. Leak test of
piling

3. nsulatioiyand in- o

spection of piping
4. Installation, of

preheat and auxil-
tary DHW tanks '

_
.

V. Controls

1. Sensors

tie

2. Control Panel

I

'1

Building Con-..
struction Striae

Prior to drVwall

Same as forlonventional
system

- Prior to insulation and dry-
/towabl (1

. During rough-in plurnitt ing
leak test
Prior to drywall

.

Same as for conventional
DHyv systems

)_

Each seusor sflou d be in-
dom-

ents. For *.
°rage tank

temperature sensor should
be installed during the fat--
riCation of piping connec-,
tions to .the stblage unit,
the colloctgor absorber
temperature nsor during
the le r installation,

-etc.
Same as for monventicznal

-installed with e
.

ponent it repre
exar`nple.,th

hermastat JNott Early in-
. stallation can provide spier

heating durinfl construe/

9
tion)

*e



Liquid Systems
, The first activity in conttructind the solar

heating system involves the heat ,storage unit.
The -tark manufac/urer's lite4ture provide
data concerning the lotatioris of inlets and out-
lets, sensor fittings, and ta,hranchoring methods.
(SMACNk sections 11.1101.2;11.3, and111.4.)

- .

Heat iStorpgi,11171 Heat stoiage-:9nits for
space. heating are man enured- of stee fiber-
glass, or Coficrete in a otpryyid deliver he
building site for insta ation.A butyl rubber line
oncrete block syste erected on-sitejs,another

alternative. Fqotings u.st. be provided '(a four-s

r Component
stallation

I. P bble-Bed Storage
Unit

'1. Structu41 base

2. Fabricaffon df
container,

Rock filling Of
container

4. 43u.cting connec-
ttons

5. Insulation

II. -Scilar Collector Suti-
system

1. Preparation of
suppoiestructure

2--Placement orr
roof or pport
structu

3. Installation of
ducting to equip-
pent room

4. Leak test of col-,
lector loop

5. Insulation and in:
spection of col-

.1ector ducting
44.

.
J1r- .Heaqransfer SUb-

system

i
inchccincrete slab-is rally adequate): _Foot;
ings for the containers,t hold 'cis, especially
foi heat storage and possibly d mestic hot water
storage, hould be dug ,and oured when the
base or regular building foundation is under
qnStr tion. Anchor bolts to secure the tan
Carl be placed, at this time. Pouring footings for
surface;pr underground` anks out ide the building

.should be bensiderbd a this tim for scheduling
efficiency. The size, of thl,footings will hdve to- be
engineerection.the basis/of-the total tank and liq-
uid weight Allen filled. Footings rrkist be hi'gh.
enough so tHat, theofe will be about 6 inches
space under the tank after pouring the br.a.ste\rierif .

or to allow for tank, insulation. (See Figure 9-2.)
1

Solar System Instatatioii SchedUlifig
(Air Heating ,SYstem)

Table 9.2

EhtildingConstructkon
Stage

During foundation, con-
crete work
During_or immediately af-
ter concrete, foundation
work
Prior to roofing over of
basement or space con-
taining storage unit
During heating distribu-
tion system ductwork
During fabrication of unit

During framing phase
.)
Prior to insulation, dry-
wallirig,or plumb) # -tack-
out. Also prier tug hing
roof and roof f ing
Prior to 'insulation and
dryWall

qa

Solar CoTponen't

3. lbstallation and
inspection of duct
isulation

4. installation of
'auxiliary furnace

Domestic Hot Water
System InstallatLon

1. Installation of
heal exchanger'

4 and piping to pr
.heat

Prior to insulation and dry-
wall _4
Phor to drywall

1, Installation of >. During normal sheet met-
ductwork, damp- al work (Note: Early in-
ers, blowers, etc. stallation could provide

0 solahheatingfor dryw.411,
woa) . , '.

Q. Leak:test o4 duct- Prior to drywall 'and insu-
ing latron

g, t

44

a

Mc;

9.3
t

2. Leak test of Pip-,

trigulation and in-
spection of piping

4. 'installation of
preheat and'auxil--
Cary DHW tanks ,St,

Controls

1. Sensors
f

413uIlding Con-
struction gk

Prior to dryw

Same as conventionbl
sy

,

'Prior'to insulation and dry -

During rough-in,p.
leak test .

Prior to drywall

Same as for conventiOnali:
di-ivy tank &

. .

Each sensor shoUld be in-
. stalled with tbe specific
Component. For example

-,4Ithe pebble-bed storage
- temperature sensor should

be installed *if kng the ?ill-
ing of the pebble-bed Ctoi-
age-container; collector ab
sorter temperature sensor
with the collector installa-
tion, etc.

.2 Central Conizbl Same as-tor convehtional-
Panek thermitivat (Note: Early in-

stallati6nican oPodide or
solar heattpg during co
stcuction) 1_

i 4

dVL

ti

No.
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It/'-'.N- , - .

.

.Thermista Senso'rs
. Located in Bottom Thi

POrt for vitt Return - of Tank and. Attached
andand Vent ' ,.--- to 4Support

,

1.3
1

0, Once the bqerilent walls- are erected; the
tank can be placed. This operatjon will probably
require a crane. Care. must I;e taken to 'plug 'all
opehings to.Prevent contaminants from entering,'
the tank. Protettlob 'against inadvertql dathage,

,while the bullding is under,construction3° Riild-be-
4 prov,id4cfor the far*, especially Wit, is. glass or,- -.,

statra-Tined. Impact dents-may fracture the lirting
and greatly reduce the life'expectanCyrti the stor-,t,

9.1 2 in. of Fiberglass Insulatioz
l

Water Return Line

VentI

Water Supply
Line to Pump`
,Suction

Support (Bricks Or

Spal All Edges with Mastic t
Moisture OW of Insulation

-... ,

NOTE: The installer should
intallation of condrete storage tanks Will present thb following erec e . .- , _ , ."--4").

.._ diffi ulties: . , ' Roof Aiming N8 next. 'D ng tne design
(1 The th,ermaY insulatibn will be more diffiCbit tb install and 4

, phise; a decigionamust be ma to eitherrvtake
seal Nom moisture. . .4 .

(2) The tank and pump installation will be more difficult. A- the collectors an kctegral part f-. the roof or to
hole must be dug for the tank, and the pumpOlvould have to be IF

have them thou e_ d abOve.the r f as in Figtwe9-5. i ,,

installed in dry .well.__, .
, / ,' , .

(3) Maintenance or.rlipairs would be more -cifficult! ,
:. Three, possibj ounting,.d ign arrandemetits ' ' ,

Whether the storage tank is installed indoors.br outside, it are Shown in Figure 9-8. Actual solutio4 to thqse ..

should be insulated .with La low-thermal-conductivity .type insula- c- .''-,
tion, suth'as 9-12 inch-thick .fibeNlass. If the' storade tank is designs .approaches . vary With the, component
ihstalled outside, the insulation must- be waterp(oofed with ropf-,
irig cement or en,closed in a tool .sted or othsi'r weal roof 4..

,.panufecturefirAfeld exgrnplFsarelitustratedin'
shelter. .... . r .. .igures 9-7through 9-9:;;COliec_ar manufactuter ,,-

- '-'..
. .

, -. . . .. -r----,...%thRuld Orovide complete dectai,lsOn moUnting col-.,
Fig. 9-2.;Typical non prossiirtied.above,ground installation. lectors. 7,,,x . `---

Foundation

Keep Space forInkilation
c.

Grou

age tankS. Cheek:all glass and plaspe4Vsida---sur:
.faces `as well as the ou.taside. galvanized coating
for imperfeCtishs and delivery .darnabe before

,:placing_the unit If fiberglass jahks are used,they
A must .1)e -rated to withstartd design storage tem-

d 16eiatures to 180° F.
Preparations for Collector Installation. Once

per Cooe_; }he tank(s) Are secured and protetied, construe-
tion-or} the structure -can contin as normally
scheduled: steel "Pbearns cap be plac-ed;.floor

. - --joists can be installed; sub-floorin6 carrbelaid;

he cautioned --iFtait underground
and exterior walls can blframe sheathed, and

I g

,

12" P Gray. .

Ba Bed se
Same Materifil to .
Bac1491, tb Grade

Concrete Pad

,Fig. 9-3: Turnbuckle hold down straps for
placement of fiberglass storage tank.'

(-1

undefground

.9.4

k

Nut

Ei $11

AR',.A&k ktkat4

ES'
,

41-t,
) '

Fig-9-4. Wh n field connections must be rrsde into a tank,
a bulk head type connection should be *ied. .

Tank Wall

Bulk Head
Fitting

-,

Rubber Gasket 1

1/
4
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Elevations B, C. D,.K.and 1. are probably the most economical
methods of accommodating steep tilt angle for solar. collectors.

Elevations E. H. M and 0 are probably the next most economical,
recognizing that they provide additional, living area on the
second'. floor.

Elevations I. J, M and possibly 0, depending on
must be treated carefully.

proportions,

(NAHB)

Elevations G, N, P. 0 and S are possibilities but are more costly
than' the first group and especially more costly if clearestory
spaCe and/or fenestration are to be provided.
Elevations R and T are of some interest in that they provide a
rriethOd of hiding the collectors Completely, but their comparative

-cost. needs special analysis.
Elevation F is obviously very expensive and only applicable
under certain conditions. It does ppvide a three-story opportunity..

Fig. 9-5. Collector/roof configuTations.
9.5 1009
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In,any'case, the trusses or rafters should l?e
set with consideration f securing the collectors
in place and supporting he total weight of the col-
lector array. The' possib ity of damage from high
winds and/or snow. wei ht must also influenbe
any roof framing, de ions. There is almost
always a problem of roof supports interfering with
inlet- manifold and oCitlet-manifold piping at the
'eaves and' ridge. This may require lowering the
coltector.array. Keep in mind an important solar
heating system tiesign criterion, . that piping
should .have.as,,few constrictions and directional
changes. (elbows,. etc.) as possible to keep head
-----, A-
pressures to alminimum, and to assure complete
drairidown.' ' .

Inter* Wall",partitions shdUld be framed-in
either prior to- duringifOr immediately following
roof framing. lexibility.in scheduling this actillity

* is determirfed b the need for..these partitions to
be load-bearing. After these structural members
are in place, the roof may be installed.

The steps in roofing the structure involve
sheathing, laying down roof felt,. and cutting

installed
for piping. Roofing and flashing will be

\...' stalled aocording to the design decision about
col ctor panels being part of the roof structure-or
wh her they should be attached later. If they are

liradded later, the panel supports should be in place
when the roofing is applied. This support may
need to extend down to, and rest on, a typically
non-supporting interior partition..

Collector Array Installation. (SMACNA Sec-
tiOn 513; Item D) Collectors are the heart of solar

,heating. Determining their placement is probably
themost critical of any of the activities in the con-
struction projeat.

First, the tilt angle at which collectors are
mountei is a key factor affecting the absorption
of solar energy. A good rule-of-thumb is that, for
heating, the tilt angle should be 15° greater than
the latitude designation for the geographical loca-
tion .of the structure. A location of 40° North.
latitude will ,have collector arrays set at.approx-
imately 55' from horizontal.. (Precise tilt is not
critical, however, as meitioned OreviouslY-)

The architect maPbesign the roof of the
structure to the prescribed collector tilt angle.
This procedure provides for the most rigidly
mounted collector. It also means that snow will
probably not interfere with solar radiation
reaching the cover of the collectbr because of-the
steep angle. Most collectors (but not all) are 'in-
stalled with flow channels in the vertical position.

Collector' arrays should be installed facing
south in the northern hemisphere. This is neces-

9-4

IP r

sary to obtain the maximum solauradiation. The
array' may be on the front, side, or back of build-
ings depending on the direction that the structure
facdg. Plumbing stacks, vents, Sand other roof pro-
trusions must be routed away from the Collector
area. For direct mounting, the colleCtors-should
be installed after the roof felt has been laid, or
after the 'asphalt shingles are in place if stand-off
mounting is .planined"

Collectors tnusrbe inspected`when they ar-
rive on the site. There cannot be any bent casings,
cracked .cover plates (a,common problem), imper-
fections in The surface coating on the absorber
plate, nor improperly installed rubber. plate
'Mounts. These problems will reduce the-efficien-
cy of the collector. Also, chebk for missing p
;before beginning installation.

Collectors will need to be hoisted to e roof.
(Panels typically weigh from 150 to 175 pounds so,
Without lifting equipment; this is at least a two
person job). Collectors should be secured when
they are in place. Then, additional c011ectors are
lifted and placed next to (or above) the .other col-
lectors with Spacing according to the manufac-
turer's specificationss.to allow for metal expan-
sion and contraction. Installers should.becertain
that alt flashings secured as the insallatigin pro-
gresSes. The flashing must be kept from interfer-
ing with the removal of glass*cover plates so that
the flashing will not be disturbed if a glass is
broken. Many manufacturers also recommend that
collector faces be covered during assembly to
a/void high temperatures inside "dry" collectors.

The temperature of the collector array Must
be monitored. Figure 9.10 shows a thermistor sen-
sor mounted on the absorber plate. It should be at
the outlet of the laSt collector in the array. An al-.
ternative is to attach the sensor to the inlet or
outlet piping. In either case, the sensor is placed
on the last unit where the temperature is highest
according t6 the manufacturer's specifications. It
is linportant that sensor lead-in wires be placed in
conduit leading from the roof to the differential
thermostat on the control. panel to protect the
'contra system from lightening. Usually 18 to 20
gauge .wire can be used to connect sensors to
controllers.

Rough-In Plumbing. (SMACNA Sections 8.1,
8.2, 8.3, and 8.4) The next series of events in the
construction schedule involving the solar heating)
system is rough-in plumbing. During this phase
construction, the inlet and outlet, collector mani-
folds are fabricated by soldering and/or threading
the pipe fittings. into the collector fittings. Figure
9-11 illustrates ,two of several connecting techni-.

11L



Standoffs

Structural
Member .

1. Rack 18punting Collectors can be mounted at the prescribed
anglehirni structural frame located on the,ground or. attached
to the' building. The structural connection between. the col- .

- lector and the frame and the frame and the building or site
must be adequate to resist any impact loads such as wind,

2. Stand-Off Mounting Elements' thit separate the collector
from the finished root surface are known as stand-offs. They
allow air and rain water to pass under the collector thus
minimizing problems of mildew and 'leakage. The stand-offs
must also have adequate -structural properties. Standoffs
are often used to support collectors at an angle other than
that of the roof to optimize collector tilt.

Structural
Member

3. Direct Mounting Collectors can be mounted directly on the
roof surface. Generally the collectors are placed on a water-
proof membrane on top of the roof sheathing. The finished
roof surface, together with the necessary collector structural
attachments and flashing, are then built up around the
collector. A weatherproof seal between the collector and the
roof must be. maintained, or 'leakage, mildew, and rotting
may occur_

Fig. 9-6: Collector mounting opthrt.

9.7

.2

Threaded Rod and Pressure

1000/00/10
Plate Assembly

JoistShingle Roof
I

2 x 6 Spreader
Beam

Large Washer
Two Nuts

NOTE: Roof pitch is the same angle as the
collector tilt.

Fig. 9-7. Stand off mounting.

Tie Brace Between
Mountings

Tilt Brace

5". Stand Off Bracket

Threaded Rod and Pressure
Plate Assembly,

Roofing Cement Pitch Pan Built Up Roofing

.-%v%%,
Sheathing.

Joist

Two Nuts 2 x 6 Spreader Beam
Large Washer

Fig. 9-8. Flat roof rack mounting. Note use of pitch pan.



Trim Couer:
(Optional)

TrimFacing ( Optional)
e

Trim (Optional)

1/8"
(3 mm)

Booting Material fyeetal

Flashing

2" x '4" Sleeper

Drain Holes

Cover Frame
Mounting Screws

2" x 4" Sleeder.

Asphalt
Shingles

Asphalt
Felt

Roof TrussRoof Sheating

Solar Collector

48" (1219 mm)
2" x 4" Sleeper

SECTION AA

.

frame mounting (2 x 4 sleeper stand offs.)Fig. 9-9. Wood

Inlet
or ThermistorOutlet

A

A
Absorber

Plate

Platy .

Fluid. Tube

_,-Self- Tapping
Screws

Thermistor
Wires

Thermistor

Strap'

Section A-A. A-

Absorber Plate
Thermistor Installation

(Above or Below the Plate)

Good Metal to Metal Contact Stainless Hose Clamp

TO Header

Thermistor - -;
Wires Collector

Flare Nut

Truss Rafter

Temperature
Sensor

Solar Collector

Header Installation

Fig. 9-10.. Collector sensor installation.

(L en nOx)



Solar
Collector

Solar
Collector

(LeAlliox)

-s
Header

Inlet

Collector Outlet Assembly,

ques. Some installations use high pressure rub-
ber hose to attach the manifold to pipes or to the
collectors, but hoses will deteriorate over time.
From the collector inlet side (near the eave), one
liquid line of the circuit is fabricated to the equip-
ment room, and piping from the outlet manifold
ex ends into the attic (near the ridge) where an air
ve-t valve (Figure 9-12) is installed at.the highest
r qt in the system to remove air from the circuit.

Jre 9-13 illustrates several roof penetrating
practices. The- outlet line then returns to the
equipment rctom. Three posSible array circuits-are
shown in Figure 9-14. As in ordinary hydronic de-
sic the reverse return circuit (No. 2) is generally
pre =wed because of balanced flow paths.

At this point, fabrication practices for the col-
lec::;r loop circuit in a .liquid system differ be-
tween the closed- and open -loop design. The
closed-loop is a system used where sub-freezing
ter-Deratures require that a heat transfer fluid or
an: freeze mixed with water in the coy ector, cir-
culating pump, and heat exchange circuit as
shown in Figure 9-15.

t Inlet

\
Union (American Hello Thermal Corp..)

Header

Sweat to Flare
Connection

SO

Flare Nut

Tubing Flare
Nut

Flared
Male Elbow

Solar Colleclor

Connecting Collector to Header

Fig. 9-11. Typical collector assembly procedure (each
manufacturer may design a unique system).

9-9
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Centrifugal pumps should be located with at
least five feet of water pressure on side
of the purfips. This may be difficult to acci-riplish
in some installations Nhere the heat .stora4e unit
is placed underground. However, IA important,
that This condition be met's() that the pumps can
operate efficiently.

SpecificaVo:ns for the circulating pu p are
based. on the trquid flow-rate in the collect to op-
timize the pcitrectionaf solar radiation. expan-
siorrtanivis also installed at this time.) may pro-
vide a handy opening where antifreeze an bead-
ded as well as be a. reservior for dd d liquid if
needed. The expansion tank also rovides a place
where the fluid in the circuit ca expand as it
heats without increasing the pre re or the li-
quid in the system. The other part of the closed-
loop system can include a domestic water 'heating
sub system. The key piping and compogents n a,
typical,water heating sub system are shown i Fig
9-16. Again, there,are any number of variati ns of
this arrange`rient, but the subsystem in F g 9116
Minimizes t e amount,of standby fuel input rez.
quired. One of the advantages to the closed-loop
system is that only a small amount of antifreeze is
needed in the collector loop. This is a substantial
cost reduction factor, since a thousand or more
gallons of water in the heat storage unit do not
have to be treated to be kept from freezing.

Cap

Water Shut-off Valve
at to
:ittirag

=tare Nut

T' Fitting

Fig. 9-12. One type of air vent hookup. Locating vents and
valves outdoors.does pose the threat of freezeups and the
oppbrtunity fbr a valve to leak unnoticed. If outdoor loca-
tions are deenied necessary, use best quality vent and
valve.

9-10

, In area where sub-freezing temperatures 'a
-

rare, an open -loop system can be used. This type
of solar heating system design uses water as it,
comes from the Cold water supply system for the
struckire and is circulated throughout the:Viitire
circuit as illustrated in Figure 9-.17. It is essential
that pipirt and collet/ ors drain completely to

Insulate Inside
of Metalwork
i0 Cold Climates

ti

Sheet Metal Hood

10"Min..

Base Flashing
.Material

Slope Pipes -
AViray from }Mood

Solar Collector
Rubber Hose
HM'Clamzs

45° Ell
V.ent,Pipe Flashing Fitting

Shingles

Sheathing

` 'Pipe

'Rubber Hose

13after

Boot-or weatherproof sheathing must
completely cover fittings, pipe, and
seal vent-pipe flashing on top

Vent-Pipe
,--lashing Fitting

Pipe

Fig. 9-13. Typical roof penetration practices.

ti



avoid f4ezin and boil-outs of liquid trapped in Properly installed piping is also a concern.
Copper or high temperature plastic7 pipe can be

of used to install the system. In'eithgi case, the pipe
uidi ) Must be insulated with code-approved pipe insu-

lation.- Neoprene foam (a minimum` of one-half
g inch thjck) is an example of an acceptable insula-

tion material (R-4 to R-7)'.'
It is essential thAt all horizontal pipirt

should be pitched upward at least 1/4 inch per 10
feet of run to insure adquate drainage. The size of
the pipe Aiected'shoiild be great enough to inf
sure that trve.water velocity does rrot exceed five
fleet, per second. 9-3 provides information
about s ific flow rates of cpmmon size pipes.

4. collectors.
Both systems, open or closed, make. us

(1) various valves to divert the direction of li
flow,. (2)(check/valyes, (3) pressure reduc
valves, (4) fl6w cdntrbl valves, (5) circul
pumps, (6)* flow rate valves, (7) expansion tan
(8) 41eat exchangers (9) getteg coluinns (for al

waluminum collectors), and (10) drains and other
rapmponents. Most of these 'ark, located in the
eduipkrient room.

B ance Valve
or amper

-

Hea r or Manifold

1. Varallel Flow Direct Return A direct return distribution
circuit circulates the transfer medium from the iVttom of the

. collector to a return header or manifold at The top.fhis arrange-
ment May cause severe operating problems by allowing wide

. temperature variations froM collector to collector due to flow
imbalance. Although the pressure drops across each collector
are essentially the same and at the same flow rate, high pressure
drops occurring along the supply/return header or manifold
will cause flow imbalance. This problem can be reduced by
sizing each header for minimum pressure drop although this
may be, prohibitive because of economic and space limitations.
Even manual balancing valves may be difficult to adjust; so
automatic devices or orifices might. be required for efficient
system performance. Provisions must also be made to measure,
the preSsuieArdP: in er to adjust the flow rate to prevent
collectors closer to the cir ating pump from exceeding design
flow rates and lhosefarther away from receiving less.

Header or Manifold
It

,
2. Parallel Flow Reverse Return Reverse return pipihg sys-
tems are coisidered preferable to direct return for their ease of
balanding. Because the total length of supply, iping and return
piping serving each collector is trio Same and e pressure drop
across each collector is equal, the pressure, rop across each
thanifcild 'are also 'theoretically equal. The major. advantage of
reverse return piping is, that balancing is seldom. required since
flow through each collector is the same. Provisions for flow
balancing may still. be required fn some reverse return piping
systems depending on overall size of .thecollector array and
type of collector. fr.

. .

ass

Fig. 9-14. Collector

*ConsiIlt plastic pipe manufaCturers for suitability at high.
temperature and pressure.

46.4

. .
Table 9-3. Pipe diameter for specific flow rates.

Schedule
Pipe Size

Gallons pc
Minute

Velocity
FPS

Pressure Drop peat
100 Feet PSI

.3/8
1/2

3/4

1

4

15

3.36
.. 422

4.81
5:57
5.37

6.58
7.42
6.60
6.36
4.22

balance Valve
or Damper

Header or Manifold

3. Series Flow Series flow.ia often.used in large planar arrays,
to reduce the amount of piping required, by allowing several_
collector assemblies to be served by the same supply return
headers or .manifolds. SerieS flow can also be employed to
increase the output temperature at the collector system or to
allow the placement of collectors on non - rectangular surfaces.
Either direct or reverse return distribution circuits can be em-
ployed, but unless each collector branch has the same,number
of collectors, the reverse return system- has no advantage over
direct return = each would require flow balancing.

piping circuits.
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Fig. 9-15. Piping arrangeinent, for a closed loop, system.
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Fig. 9-16. Domestic water heating sub system.
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To insu, _ high quality piping installation,
the followin_ presented:

Ten Comr = :merits fiar Go6d Piping Rractices

1. The enca of all pipe or tubiieshould be
, - teamed. eiNIP

w

2. -kep topInchee fs_ short and as uniform as
posskile.

3. Use" a minimurroumber of fittings, and use
eccentric reducers to join; ,different ..pipe

V; I

r- ,
4. The Lise,of.soft Copper tubing' minates the

need,fior elbows., ..6, *
,'"Use a bending Wet- for makingiall bends Fn

the _tubing. .,

6. Allow, fOr expans'on in all long runs of pipebr
tubing: Provide ale xlearance around all

' pipe or tubing which passes tnrougtt floors

,t-
Faste ing-to the joists with either
stapi !--traps, leaving .sufficient
clearE -e between the tubing and 'joists to
perm: .xpansion.`

:ircuits anc mains horizontally and as
direct as possible, keeping as,clos.e to the
wall as is practical.

V

pansion taf*s may be required in sc arsyStems 4
relative to co'nv ntionai water filled hydronic

Mosi ansion tank manu-
simple -; si-'-g'information
of Nriatef i the
eratare r an-si,c- of e

the rn,s of 0
rapid Jeconipo-
ially copes and _

A Sec on 18.) For exarn-\
n could be installed between

heating srtem
factii:yers rOvid
baseigon Holum

'oystem and tern
'quid.

The installer milfik
an electrolytic action tht.sition of dIssimikar iret

. aluminum. (See SM
ple, a dielectric un

,Non and copper componeritt. Short sections 'of
rub erotubing iliqt will withsta ) d pre'ssures Of
dv r 1514 psi can also be use8; t minimize/elec-
t! lysis.-Electklyitic action_ will cat.1Se erosion of,
the Vital and thebCd-up of a ca,ciuth\oarbonate
depdsit'near the joint that wili restric: liquid flow
rates. For all aluminum collectors. installation of
a getter column.(Figure 9-19) in the collector loop
will also help to minimize, the oroPlem ofi de-
terioration of some compoArts.

_..

Sensors manufactured with pipe threads
must "be made watertight when they are.installed
in tanks and pipe fitti-cs. Bulb wells, vthere used,
rhust also be watertic- .

Once th rough- plumbing has bee'i corn-
pleted, the s tem must be systemat cally filled
and tested fo leaks. Collectors, tank/,.'pipes. arid
pumps.; are fi .ed with water and press razed to
the limits that-thelcomponent manufact ers spe-
cify!. When testing has been completed, the parts
of the system that must be protected from heat
loss are ready to be Insulated. Note: this activity
should not be performed in cold weather if there is
no heat in'the building. Also, it may be necessary
to drain the system after testin(if her is a pOssi'r
bility of subfreezing weather before .the auxiliary
heating system becomes operational. n alter-
nate procedure would be to use air to resswe
test the system.

9. When more, than -one circu -. is installed,
pIce square head cocks in each Circuit for
balancing.

,

10... Keep the inside of pipes and tubes clean.

Pipe joints are extrernel mp:rtant to th.e op-
erating efficieriky ot the liqt., i system. When us-
ing .galvanized pip ng, the -hreads t lauld be
cbatec with pipa,jc.nt com:punc to insure that
they Will not ak wren tightened. =ori'l .. Dpper pip
ing, it is nece sary 7: clean poth the p: De and fit
Ling as shown in Figure 9 -1` with com= abras4e

opaper before making the sotoerea con-ection.
Several manufacturers insist that no hand

nut-off .valves be placed in the c.oileetor loop cir-
JitThis:would eliminate the chance that a home-

owner (or inexperienced. nstaller) may' inad-
vertentlY -estrict the flow c- liquid and perhaps
darnage le collectors as a result of excessive
-empera ,res: Still otters insist that temperature
orobes c sensors be. installed in a Tee fitting
-ether than protrude into the collector loop circuit
and inoede fluid flow,

Exz.:nsion tanks must be adequately sized.
Experie-ce 'indicates that larger than normal ex-

.Electrical Service. The next phase of con -
struction relative to the solar heating system is
electrical service. The first step iS-`to rough-in the
service wiring to the location of ke main control
panel. The second step ,is wirin for the senso-s
from their various locations to the control panel.

After the rouge -in electrical service is in-
stalled, the gofer system control panel can be as-
sembled. (See SMACNA Sections 16.1:16.8) this
panel consists of (1) differential thermostats, (2)
cOritrols (3). relays, and (4) other electrical and
electronic equipment prescribed by the heatirg
system manufacturers. Be sure that the cor-

. ponents on the panel are well ventilated because



..11(f ao.

0
1

t gpiterated inteinally must be dissipated' ' The aLliarr, furnace should be rnstallecklext. ,
. .

ughat sinks. '',10 -1 , , This is important so that ere will be neatin the
.AII stinSors'shoulcf be wired to their resspe= i cO.',struc4ure. wh'en cicywaimker plaAter is if *.. ,

tive ccintrotterrninals at this time. -
. cOnstructib- s underway cturtng cold weather.,

Mext, the structure must be,Weatberized. Ex7 \ ThqVir , , phhse of construction for the liquid
terior siding ,is applie ,end caulked. Sol heating ' circuit Bola heating System 0 tQ cornialete the in- _.l

ipes, t-krIks a d other domponents are iinsUlated Stallation : the dortlestic hotVaterwsystem. This
.... I

,rand insOcted. en -.he `refriaindaksh the strue- involves ,connecting and leak-r6sting the p*._eatity
Lurew.alls; ceilin' s.--0eal duct-stroj6Ldaain- h .ancit'aiNiary water\. tankese'to the cold sand hit ,sdlated.:The amount c- insulating material used is watecsuppty pipes and the gasociii. yp-reictrical

-0determine ,by the geographiCal 'area' of the build- utility used as an auxiliary water heating energy :
ing site and cost factors. Ci ri4So i i rr.P - , , 47 0

- ....'-'x

4

Collect.
'Returk eader

--"" 'Check
ValtioN

-

Solar
Collectors

Downcomer
Return

(Small Die)

Vent Line

Outdoor

Indoor
a

(N.c.)

(N.C.)
\D (N,A,)

(N.C.)

Water Line
Pressurized

Air

Boiler

Valve Operation

Condition
Valves
Open

r
V-iives
C.osed

Pump On 1,2,3,5,6

Pump Off
Or

Power
Failure

4

1,2,3
No.'s 5 and 6
Slow Close
Below 50-'F

Relie

To and Fror-
Terminal
Sub System

_Storage

Pump

Pressure ReqrigValvetr.
Disconnect Line

Fig. 9-17. Drain down on open loop system details.
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Fig. 9-18. So rerci Jo, t preparation.
7 -

Fl
I

onw Flow
Out

Circular
Nytori Rod

Clear
Plastic

Container

7/8" x 8" Long
Sheets of
Aluminum

"Gettering"
'Elements

"44,4st
Nylon
Rod

Fig. 9 -19: "Ion "getter" tolum

Air Systervidt
5Ji3r-assisred air heating systems are es$en-

tially -.ne same in c=eration- 0 the liquid system,.
Only the tompdner,:s ar= chnged. Colldctor
signs ary different. Pipe: become ducts.'Fans,re-
place pumps and cia'mpers rep.I4ce valves SSee.
ttg u re 9-$0).

, Scheduling cgnstrucion for th m is
omRarable th.6t for the liquid st . The. in- ,

4 taller needs,to knOw what the physical. pe:cifica-
-tions ttce fof eabh component and where the bUilder
plays tiili.aye the device located. .

Heat Rorage Unit. (SMAONA Section 1).5,
an411`.7) Rock filled heaPstarage units for air r

circulating solar heating systems are normally g

constructed on-site. They darv-tdpade °I:poured
cOqretq concrete blocks, reinfokedwciod frarri
ing, or prefabrictated steel 'boxes. Irizmany in-
stances,'one or'more of WO sides Of the concrete
storage "bgx" may be an integral .part of the foun-
dation of the structure.'°

Footings4or the heat storage unit are poured
simultaneously with the basement feotings. Keep
in mind thatfockh s one-fifth of the heat storage

,capacity's Water nd,thatrock is almost twice as .

heavy as water..ThereforE the unit with given'
storac- capacity will be ar Jt five times as arge-,
by volume, and must su_ ort almost twice, as
much weight as a liquid sc ar heating system.

The heat storage conta.ner cantle fabricated
'of concrete blocks wit- 3/8 inch reinforcing rods,

Insu atec..' Duct

(:feW-E,7

_Supply
Manifold

Return
Manifold

9.15

,-Storage Area
Service Hot Water CoilAuxiliary Heating

- 'Air Handler
Elettronic Air uleaners

119

.1

Fig. 9-20. All air system.'
(Research Prciducts)



4

4
pou'red-in-place concretb, or wood framing in a can dbntinueli:ecause of Hie weight of reck, c
out-of-th%waylocafjOn,ahe unit may be designe crete hear Abrade units should be Iiinited o
horizon-M-1-1y (s.pe .Ftigure ,9-21). or cubical (Figur abou; 6 feetin titight with about 5 feet of rock ill._

rir

t

9-22). -,
.--- ing. The insulated and'seteed top, noYngcess... li- / .. a.

wood frame construction is selected, it-9, made of4oncsrete, should 'be air lighloend p
shauldlhe constructed using' a minimurn'of 2,k 4's 'lace as'soon as possible to prey nfrocks
on 16 yich centers vith 1/2,7inch plywoocer_both ,,,getti diisty. ' '. t.
sides'of the studding. Full inselation (e.g., fiiDer-

4gIgss or rockwool) shduld be placed bketween the ,- c q '..
studs. The inside of the plywbod should be co- ,. ,... ....

' vered- 01.ith fire-rated sheitrock. Inlet and%outlet
'duct openings must b plkivided for when the
framing is being.constl ted. Alpo, filters should

1

of the storage to re-.- 1

it

be installed,o9 either sid
\duce dust accumulation. k

The builder mtist keei.4) in mind that an a cess
doorGmust be providedsin the top to allow r
pectibn of the rocs. This' saessentiel because,
wherl_r.ocks become coated with dust?they Jose

r. some oftheir heat absorbf capoplities. *.
The box can then be filled.with washed rock

(up to fist size). Fill(ng the boat should,,be done jn
such a way that dust is millimized. The system
may be designed for a storage unit heat sensor to°
be placed in the center of the unit rather than'the
toc or bottom. In thiscase, filling will have to be
stepped while the sensor and necessary conduit
and wire are put in place:(The senOri- is placed
near the bottom in most case)1.Then the filling

RemoVable TopPlenum
on Inspection Doors(Both' Ends)

CroAs BlocksWire
12 inches apart to preventesh
"short circuiting" pattern

6.. o e r000reooe o
r 6.0 p,.4,,, elot, 00

900 0 a' 0 " 7 0 0
o a ., 0 0,00 a' g °
ez7'ae, r, D 00 0 0 ( Air-Tight

o 40, 0 ,,, a oe2 coit;e2,6, it
Seal .

IC 97,0. 0 o ° o8a '00 a,
lac, o e (2.o 0 i ie 0
o 0 (-- 0 oo-mia 0 0 ° 0
a.0' ''',70 o° S'y
oa, :,,, ,,,,,, R-1,1

Insurated Walls'01 0,9 0 and Top .I:0
67
' 0 -wa /

I 70 a?,
..__ 2 inch insulation iri base

Cpng.
Air

ti

Hot
Air

Opng.

ti

Fig. 9-21. Horizontal flow pebble-bed.

9.16

I

/ / .

Hot Air Opng.

Cold Air Opng. '

R.

Top, Sides and Bottom
Fully Insulated ,

to R-11

Pebbles

Wire Screen`
Rigid Insulaficin-/ Bend Beam Block '

Fig. 9-22. Cubical storage.

Cap Str

Collector'
Panel

Absorber
Plate To Panel A/H.Unit

(18 Ga. T'Stat Wire)

Pierce Duct for Wire
Seal Airtight .

Clamping Collar

Flot/Duct, Seal
Duct/Collecttor
Connection'Airtight

S6nsing Bulb. Insert
Min. 6" into Air Channel

(Solemn)

Fig. .9 -23. Sensor location in air collector.
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Preparationsfifor .cciliebtor InstaHation. on-
,''rstruction scheduling 06ntiriues front this point

with the pla`eemerct of girders; floor joints, and
ubflooring. Exterior , walls' are then. 'famed,

-sheathed,,,and erected-Following these tivities,. , ;..,outlet_collector (Fr'ure 9-23). Then'the ObIlecUors, ,the collector supports, roof, rafters, or trusses, 7 are ready to be h istecl, into place. The array of,
Zeathinga d felt,,are set iry place. Interior parti: collectors ''valll: be mounted on the roofk as.!lions that ar typically non-load-beari'ng may'need ,. predetermined-duritiTthe ci6stign phase of the prp,-. ..

k .`

to Oil fgbiicated if 'adaed ,support rs required.dor}
thecollectors.

After('the collectors are inspedted, the
sorber plate sensor is .installed- in the inlet or

ject. 'A chalk 9utlisoe e?Wtheactual 'array should be )

Made on the roofing pit as well of sheathing to-"
deteimine lo9atiop. Of -cuts for d.u;Ndonaecti?",

CoSectipi. Array Instal(6tion.. The collectors'.
are-mounted 'One At a time 6n.the, roof. (gee Figufe
:9-24). A typical Ivout isAhOwo j Figure 9-25. The

.
holes in the,sheathingVladed so they will lid
up"with the inlet,apc1 outlet du"cts tbreactvarray.

- Note that the opepings .fdr duct manifoltd-to ,

-collector connections aretypically ciil,the back of
1 the collector casing;. Panel-to-panel.seried con-

nections are .rnade diredtly toleach other by
means'of flviged openings wjth,a mAttg gosket.
Unused ports are capped to preventair realkage. ,a

As the collector array is put in place, the
flashing and roofing-can be installed. If the collec-

t tors are an integral part of the roof, the flashing
will cover the.sides and te) edges Of the collector...
panels. This procedu're will prevent water from en-
tering the,duct holes in the roof. Narrow cap ships
of flashing material keep Water Wom getting be-
tween the collectors. In addilioh, the cap strips hold
the glass cover plate in pfaCe (see Figure 9-29).
When the entire array has beep sealed with flash--
ing and cap strips, work on the collectors can con-
tinue with the installation Of ducts leading to the
equipment room. .

Fig.
tool
and

(Soiworul

9-24. Coflectors bemgiastened to roof. Note "pull up"
uted to draw collectors together for_ proper spacing
to seal interconnecting ports.

Array No. 1
Dut
ilnlet

Array No. 1
Duct

Outlet

Array No. 2
Duct

Outlet

Lay Bead of
Caulking -Under
Collar Flange for
Airtight Seal

.JO!

Manifold Section

a

1

1.-
4" Min. Length (to Slip On

Flex Duct and Clamp)

Clamping ping for
Securing Flex Duct
COnnection to Collar

(solaron)

'Starter
anel

Starter
-Strip

Array No. 2
Duct
Inlet

Chalk Outline of
Collector Array
Perimeter

Fig. 9-1 Roof outline of collector array.

9.17

Starting C,ollar
(w/Flange) for
Flex. Duct Conn.
Must,be Insulation
Guard Type (Collar
Extends 1" into Panel)

,

a

Fig. 9-26. Collector duct ennection.



Duct Work -Instaqation..This phase of the , patterns. See Figure 9-30. Collecior manuf ctur-
construction schedule is extremely imporlan,t. Its. . ers specify jhe "number' o,f manifold connections
funCtion for tateair system compare to the - (inlefiradoutlets)-requlted for each array patterri.'

. plumbing aclitristieslin the liquid syelem. (Refer to , There max be more that ope array on a ro'bf.Wheh
Figure 9-28;) All,duct A'rkl,shourd be insfaX4 ac, thiz is the case, tticris.a,sveed for sepa'rate\inlet
corditg-t&SMACNA Section 7_1-7.13 standards. and ooitlet-manifolds. s. Manually operated dampers.;

'Rough-in .duct work activities involve all may hav\e to be-i-nstalled to insure even floXr-rate
ducts from..the collector array to 4ot...storage, to't throu0 each. array. Remerriperthat proper floW is ,

auxiliary h.eat,and to ait-distribution systems. The -critical tb c Ilectbreffitien-cy.
prpcess*a'n start in the attiE ati collector inlet Ducts eading. from the (1).corre to inlet to
and outlkyducts. The collecto s may be con- ° .the heat,storage unit old (2) calWtor,putlet to the
nOcled t® each pther in 'a num of flow dircuit 'equipment room, are installed °ext. Space. Jot

0 these,>ducts a$. -they extend;;from th6\sfoof kt6 the
-3:-.,equipmeniroom and the storage,'unit (probably-in

he basem ntWili require one Oamore sqUare feet
of °floor space. The building' plans shoutd -show

Ithe sizeoand - location 'where the ducts will p4Is
through the varidus, ceilings and floors.. Ducts
rnay. made of fiberglass ductboard or-of4,sheet ')

lined on, the inside or covered on the out-
side with-fiberglass insulation. Fi.ber'glass duct-
board should.be used in places where it is will pro-
tected because it °can be damaged easily.. Fiber-
glass duct joints must be joined and sealed with
the recommended edesives. Metal ducts may be
jointed with 'drive clibs (Figure 9-32) and covered
with joint tape so they will be airAight. Bends or
elbows'in the sheet metal ducts should contain

s,. turning vanes to minimize resistance. Ducts can
be supported by using standard mounting pro-

aasket cedures.
End' Connections between ductwork and blOwers

should be Made with flexible'bennectors. There

Port
Gasket-

,
Neoprene Gasket

1/2". No. 8 Screws (Typ.)

Fig. g-27. Collector "port" assembly.
(Solar on )

6 two reasons for this practice. One is that any
ise from the blower will be dampened by this
ric-type Connection. (SMACNA Sections 15.3

an 7.8) The,other reason' is that the blower can be
remo easier for servicing becausq these flexi-
ble fabric-type connectors are held in place with
screws.

The collector inlet duct extends frOrn'the roof
to the heat storage unit which is usually in the
basement:in a crawl space,.or possibly under a
garage floor. The collector outlet extends from
the roof to the equipment room.

Equipment Room Systems and Controls. The
space used within a structure the neces-
sary equipment for an air sysern may be 'exten-
sive. This is particularly true irthe heat storage
unit is placed'fhere as shown in igure 9:33.

In the equipMent room, the cruet from the col-
lector iSttached to theeir handling module. See

iSolaron) 'Figure 9-35. Thrs-Troit functions in a manner simi-Fig. 9-28. Gasket is centered oricollector port: before"
lar to. the electrically controlled valves in the li-hoisting and positioning .panel'along#ide a companion

module. .. " , . '.quid system he module automatically direct air
/

9.18



Field-Drill Matching
4 Holes (Cover and

Wood Frame)
Type -Corners

"L" CoverPlate

Cap Strip
Typical Short Member

Cover Plate

'-
Double Bead of Sealant
(Dow Corning No. 781) to
Form Weatherproof Seal
at Joint When Cover Plates
are Installed (Typical)

.>

"T" Cover Plate

Relief Tube Sealed and
Replaced Under Gasket

Nailer

Fig. 9-29. Cap,-strip

1/2" x 71/2" Nailer -Frame (Entire
Perimeter of Collector
Array) Installed to Insure
a Solid, Weathertight Base
for Installation Of Cap
Strip and Flashing



ManifOld Duct

Connections
to Collector

Manifold Duct

Solar-Heated Air from
the Collector Array

Typical Collector Installation

Fig. 9-30. Collector array details.

Drive Clip
in Place

Tab Bent
Drive Over .
Clip

Fig. 9-32. Slip and drive ,duct connections should be taped
to reduce leakage.
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124

MN/

Air to the
COI lector

174
_.4111"

ISolaron)
Fig. 9-31. Exterior view of collector array.



To Collectors

Air
Handler--

BacktOraft
Damper
(2 Req'd.) Heat

11

Storage
.

\
/- 'Unit

Supply
Air

Top Plenum

Bottom Plenum

Fig. 9-33. Equipment installed indoors.

1111111P"____1

Fig. 9-34. Air handler (left) and auxiliary gas furnace
It (right) are shown before drywall was installed to close

in equipment room.

flow throughout the following operational modes:
(1) space heating from the collectors, (2) space heat-
ing from the pebble-bed heat storage unit, (3)-space
heating from the auxiliary heating unit, and (4) heat-
ing the rocks in -the heat storage unit. Internal
components of this module include: (1) a blower
operated by a motor with the proper hbrsepower
rating to control a specified air flow rate, (2) four
motorized dampers, (3) a 24-volt controller to
which heat sensors are connected to regulate
various operational modes, and (4) an optional
pre-heat domestic hot water heating coil which
may be attached to the hot air inlet on the module.

The unit is designed to operate in a horizog-
tal or vertical position, See Figu 9-36.

A filter i essential to the ent operation
of an air sol r heating system revents dust,
picked up in he air duct system, rom coating the
collector surface and reducing collector output.

Domestic
Water
Preheat
Coil

Hot Air from
Collectors

Damper

Toliforage

Damper

Motor and Belt
Service Area

. Supply Air
to Auxiliary
Furnace

(Solaron)

Fig. 9-35. Exploded 'view of air handler and damper sys-
tern used to divert heated air from collectors to storage

for to the space to be heated.

/-
Fig. 9-36, Most air handlers can be mounted in a variety
of positions.
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Solar
Collector

The filter should be installed in the return air duct
supplying air to the inlet side of the collector and
the heat storage bin. If an electronic air cleaner is
desired, it should be installed in the return air
duct mentioned above. Do not install it on the in-
let of the auxiliary furnace, as the air tempera-
tures at this location may exceed the electronic
air cleaner's maximum operating temperature
(usually 125°F).

A pair of back draft dampers are also needed.
They prevent air from being circulated in the
Wrong direction during the heat-from-collector or
heat-from-storage operational modes.

Most of the necessary electrical controls for
the air solar heating system are in or on the air
handling module. Electrical service requirements
T.e determined by the voltage and amperage
needs of blower motors.

ConventiOnal electronic air cleaners can be used in soar
systems provided they are installed in a duct where air
temperatures do not exceed the operating limits of the air
cleaper.

Temperature'
S4,01.ocr in

oll for

18 ga. (TypiOal)

41eid Wiring to
AKHandling,
Unit Typical

6 Conductor
18 ga. Therm. WireHW Coil

-and Pump

Heat
Storage
Unit

Auxiliary.
Heat Unit

Air
" Handling

Unit

Temperature Sensor
in Return Duct

Legend: First Stage Heating
Second Stage Heating
Power Supply

Thermostat

131131121"

Supply
'Air

Heated
Space

11"

Return
IllameNo. Air

Fig. 9-37. Example of low voltage field wiring connections required for an air system.
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Electrical Service. Electricity for the air heat-
ing system is used to operate blowers, motorized
dampers, end various controls. Normal 120 or 240
volt electrioal service is needed at the control
panel for the solar hearing system. The size and
number of the wires installed between the control
panel and the disconnect system for the structure
are determined by amperage and voltages require-
ments of the electrical controls and circulating
fans (120 or 240 VAC single phase). For additional
information, see SMACNA Sections 16.1-16.8.

The control panel should be mounted In a
convenient location that allows easy access for
electrical -switch operation. Generally, the mech-
anical room is the best location. Electrical service
consisting of one 120 VAC circuit is ample to
power the 100 VA, 120 VAC/24 VAC transformer
blower unitand the auxiliary heating unit (refer to
local and national building codes).

Low voltage wiring is needed to connect the
room thermostat .to the control panel as well as
between the auxiliary heating unit, damper

motors, and the-control panel. Daniper motors are
typically low voltage..

Figure 9-37 illustrates the various low voltage
field wired circuits for the system.

Figure 9-38 shows the various control panel
connectors for the various controls. This particu-
lar panel may be located on the air handling unit.

Plumbing. Very little plumbing is associated
with the air system. The only connections are for
the hot water heating system where it is attached
to the heat exchanger.

Plumbing Leak-Testing. A leak-test for the
plumbing system is performed by filling the
heat and domestic hot water tanks and chec
for leaks.'.The system must be drained after
test if freezing temperatures are expected before
the auxiliary heating system is installed. An alter-
native to draining the system would be to delay
the leak-test of the plumbing until there is heat in
the structure..

Air System Leak-Testing. Testing for leaks in
the air* System is more difficult than in a liquid
system. Water dripping from an improperly solder-
ed joint or loose threads is easy to find. Air seep-
age from a duct joint is more difficult to locate.

Leak-testing will have to be accomplished by..
blowing air throuth the ducts. Lealeage may be
diffi'cult to locite as the testers hands pass over
joints and seams. Another practicescould be to in
troduce a non-toxic scented gaseous material

.White°.42 White :ma.
e:
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Fig. 9-38. Inside a typical control panel.
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(room deodorizer) and use the sense of smell, as sc.

well as touch, to locate air leaks.
When all leaks have been sealed, uninsulated

componeWs of the entire air duct system can be
insulated according to specificatipns. Once this
has been completed, the construction schedule
for the structure can proceed. Drywall can be
hung. The interior and exterior can be finished.
After final inspection, the structure is ready for
occupancy.

Auxiliary Heating System
The auxiliary heating system Used in con-

junction with a .solar heating system is of the
same/type that is traditionally installed in homes.
It is connected to-the solar heat system with pipes
or ducts. Electrical and plumbing services to
these systemS would be standardized and the Oro-
per installation procedures should be followed.

Humidifiers may alsb be a desired element in
the system: Horizontally mounted humidifiers are
recommended. Locating the humidifier. in a hori-
zontal supply duct coming off of the auxiliary
heating unit is ideal. Utilizing a sail-switch ac-
tivated duct humidistat will simplify the wiring re-
quirements of most installations.

Some single-stage thermostats will have to
be replaced4w1i/two-stage models, although they
would be Idelfed ciept much like they have been in
the past. The multi-element thermostat should be
located on an interior wall free from cold and
warm drafts. Be sure adequate room , air move-
ment is present so the therrns)ttat will provide a
comfortable buiidingAemperatu

Do not locate the th stat near lamps,
heat outlets, stoves, fireplaces, refrigerators, tele-
vision sets, etc. The heat given off by these ap-
pliances will not allow the thermostat to properly
control the building temperature.

The duct work is also standardized to some
extent. Installation of heat ducts and air returns is
not part of this course but the procedures to fol-
low are reviewed in Appendix C.

Domestic Water Heating
Guidelines for installing' domestic water

heating systems parallel space. heating system/
Because of the interfacing of the solar system
With potable water, there are frequentl strict
local codes that may require double safety mea-
sures to, assure the protection of the occupants
from any health hazard.

Recognizing that local codes can and do
vary, some of the typical installation derails for

tiC

r

Fig, 9-39. Conventional heating units such as this electric Fig. 9-40. Conventional duct fabrication techniques are
firnace can be used as auxiliary heat. used byt seams and joints made air tight.
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standard domestic water heating systems are pre-
sented in this seclion.

Closed-Loop. (SMACNA. Sections 49.1
through 19.6) The following recommendations are
typical of the system (See Figure 9-41):

Collectors. Mouint at determined angle and
pitch, as closed to tank as possibJe. If lines can-

' not pitch to. drain properly, install drains and
vents tb alleviate air. Be sure that piping is run in a
reverie/return mode. Collectors are rated 50 psi
maximum.

rank. Support tank off floor Using concrete
blocks if possible to allow for draining off and cor-

O

e td

Hot

Air
Vent

'Collectors

rosi. p tection if basement flooding should oc-
cur. I e tank should be near the existing hot
water heater since the feed (supply line) to this
tank is iipterrupting the supply line to the existing
system. This willallow the solar system to act in a
"preheat" mode as well as supply 100% capacity.
Using a conventional water heater without a fuel
system is a practical solution.

Pump. A cast iron circulating pump is suit-,
able for this closed loop system. This pump is
connected to the supply side of the collector. The
m4intenance of pressure in the system (12 psi)
and the use of as few fitting as possible, will be-

Fill
Valve

Balance
Valve

Air Vent
Pressure /Tem.p. Meter

Relief Valve 30 psi

VacUum
Relief

;hut Off

Mix
Valve

a)

cu a)

CI- To To',err >
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45'

E
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C
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V
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CheC-k Valve

Cast Iron

4 Drains a

Fig. 9-41. Typical closed loop domestic water heating piping.
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crease the load on the pump.
Air 8600p/ExPanston Tank. This allows the

wa,ter/glycol in the system to thermally expand
within the limits of maximum pressure rating of
the system (pressure relief valve set at 30 psi). An
air scoop and vent can be placed at this point in
the system if desired or if not venting can take
place, at the top of the system. ,z

Vent. This vent in the top of the air scoop
vents the air trapped there.

Pressure. A 'temperature indicator is eed to
indicate system pressure and temperature. Pres-
sure regulation is important in a closed system to
avoid leaks of the glycol.

Relief V$lve. A 30 psi relief valve, placed
either in the side of the air scoop or a tee in the
return line next to the expansion tank, Vows the
water and glycol to escape if maximum preSsure
is exceeded.

Flow Control. The number of panels will de-
termine the proper flow rate. Balancing valves are
adjustable over the range required,for any number
of panels. Limiting flow assures proper control of
velocity through the collectors and maintains op-
timum collector efficiency. This valve must be
copper or bronze, not cast iron.

Check Valve. A check valve must be inserted
to stop thermosiphoning w,Pen tank temperatures'
are higher than, collector temperatures.

Temperature Pressure Relief. A temperature,
pressure relief valve limited to 125 psi should be
installed above the ho water putlet side'if the
tank. 4 5 psi is used bec use of limifimposed by
the mponent's in the sy tem. The temperature/
pressure relief drain must not be valved in any
way and must run dawn to the side of the tank to
avoid scalding and water damage.

Mixing Valve. The upper temperature limit of
the tank is controlled b'y the temperature and
pressure relief valveusually 210 °F Although
tank temperatures this high are unlike , the needy
to control outlet temperature for economy and
safety is provided for by a mixing valve. The com-
mon setting for this valve is 140°F.

Vacuum Relief. A vacuum relief valve, in4all-
ed above the cold water inlet of the tank, alle-
viates a vacuum condition which can collapse the
tank.

Air Vent. An air vent is ne ssary at the
highest point in the system (the collectors) too
allow trapped air to escape.

Copper Water Lines. All piping runs can be
made in 1/2" copper. Certain fittings and valves
will need to be adapted up to 3/4" or 1". If runs are
long, 3/4" lines can be used to reduce head loss

(see pump section). Use.95/5 solder for sweat con-
nections. Keep elbows to a minimum. Use 125 psi
rated gate valves for shut-off of cold.water supply
or tank drain. Dielectric unions should be install-
ed between any ferrous and copper lines. All col-
lector piping must be run reverse /return, supply
and return al opposite ends of the arpa. The fol-
lowing list of valves and fittings may be required
by local code or desired by customer or installer:

1. check valve and shut-off valve for cold water
supply.

2. drain valve for s tem,

Fill Valve. A fill jSalve at the top of the system
is used te.manually fill thelineS With antifreeze.
The line fill valve is used to introduce a small
amount of water to pressurize the system.

Antifreeze. Propylene or ethylene glycol is in-
troduced into the system through the fill valve.'
The mixtureof water to antifreeze should be deter-
mined by the chart applied wittithe materials. The
total volume of the system is found 'by fillinkand
pressurizing the system to 12 psi with water,
draining the water into a container and measGring
total system capacity. Determine water to glycol
mix according to this total. The water introduced
to bring the system up to pressure must be taken
info account when making the glycol/water mix-
ture. Be sure all linestre vented when system is
plled.

DralnDown gystem.
(SMACNA Sections 19.1` through 19.6) Typical

recommendations an installing drain down
systems as Shtwn, in Figure 9-.44 Ee as fallova!

4

44-

Fig. 9-42. Fastening treated 2 x 4 standoffs prior to mount-
ing collectors for domestic water heating. _
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Co//ecto . Mount at determined angle and
pitch, as cl a to tank as possible., Pitch collec-
tors and s ty and return pipingso that lines will
drain.

Tank. Support tank off floor using concrete
blocks if possible dto allow for raining of and cor-
rosion protection if basement flooding should 90-
cur. The tank should be near the existing`liot
water heater since the feed (supply line) AO:this
tank is interupting the supply line4o the existing"
system. This will allow the solar system-446 act
"preheat" mode as well as supply 1000/0 capacity..
A conventiorrl water heater witbout a fuel system
is a very 'praetical solution. -4

(Note: A tankless coil waiter heating system
maintains boiler water heat independent of coil
heat! This will allow only small decrease in oil or
gas usage. Consult the boiler manufacturer as to
modifications which will allow sensing of coi,th
temperature not minimum boiler water tempek,
atureI

Pump. A bronze or stainless steel, not Ncast
iron pump, has to be /used on a potable water sys-
tem. These pumps are connected to the supply'
side of the collector system. The maintenance of
pressure in the system and the use of as few fit-
tings as possible will decrease the load on the
pump. The low gpm of solar systems will allow the
use of 1/12th to 1/25th horsepower pumps in most-
installations. . '

2-Way Sokenoid Drain Valve. This is a no mai-
ly open valve which 'will allow the "supp and
return lines of the coMector loop to dr in whe
frost sensor shuts cuff power to the .v lye. Follow'
instructions supplied with the val've fo roper in-

' stallation.

, .. Check Valve. StopS "short-circuiting" flow
thru the drain. loop. Installed so drain-back of the
return line from collector will flow thru motorized.
drain valve.

2-Way Zone Valve. Acts,ase heck valve bet-
ween pump and drain valve. Stops flow from tank
thru drain.

Flow Control. The number of p nels will de-
' termine the proper flow rate. Balancing vases are

`adjustable over the range required for any number
of panels. Limiting flow assures proper control of
velocity through the collectors and maint op-
tirnum -.collector efficiency. This 'valve ust be
copperor bronze, not cast iron.

Check Valve. Installed between flow co`trty of
and ank. Stops flow from tank throUgh drain-.

mperature & Pressure Relief. A tempera-
ture, pressure relief valve.limited to 125 psi should
be. installed above the hot water outlet side of the
tank:125 psi is used because of limit imposed by
the components in the astern. The' temperaeure/
pressure relief drain -must not be valved in any
way and must run.down to the side of the tank to
avoid scalding and water damage.

Mixing Valve. The upper temperature limit of
the tank is controlled, by the temperature and
pressure relief valVeusually 210°F. Although
tank temperatures this high are unlikely, the need
to control outlet temperature for economy and
safety is pr6Y-ided for by a mixingvalve. The com-
mon setting for 'this valve is 146°'FA

Vacuum.Relief. A vacuum relief valve, installed
abOve the cold water inlet of the tank, alleviates a
vacuum cbnditiori which'ca9 collapse the tank.

Vacuum Relief. {Collectors): Use&to allow
positive venting through Ihe colleCtof piping
when in the, drain-down mode.

Air Vent. In this drain-down. System, a float
type air vent serves two functions.

1.. The vent, when placed at the highest point of
the syste-m, eliminates the air from the
system.

2. The unit allows air to escape while the
system is refilling.

Be sure that thevent cap is loosened according to
instructions.

Copfer Waigr Lines, All' piping runs can be
Rrnide in 1/2" copper. Certain fittings and valves

will need to be adapted up to'3 /4" or 1". If runs are
long, 3/4" lines can be used to reduce- head loss
(s'ee pump section). Use 95/5 solder for sweat con-
nections. Keep elbows to a minimum Use psi

rig. 9-43. Three,.panels for water heating are mounted on rated gate valves for tut-off of c'clold t C

or tank drain. Dielectric unions show be ,i!!.

S

mend, offs over existing roof.
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ed between any ferrous and copper lines.'All col-
lector pipi4 must be run "reverse/return," supply
and return at opposite ends of array.- The follow-
ing list of valves and fittings may be required by
local code or desired by customer or installer;

1. Check?valve and shut -off valve for cold water
supply.

2. Drain valve for system.

Air Systems
(SMACNA Sections 19.1 througi 19.6) Figure

9-45 shows the plumbing arrangement for an air-
to-liquid solar water systems. The water loop is in-

. 2
E
2
u_ Shut Off

"lb

Air
Vent

.
stalled in a manner similar to liquid to liquid
systems.

Figure 9-46Ahoilk the assembly of e air to
water heat exchanger. Large insulated duct con-
nect the heat ,exchanger to the solar collect rs..
While thee is no danger,of freezeup in the coll c-
for loop circOit, there is a possibility okfreezeupi_
within the heat exchanger it is installed in un-
heated ces or if col air from co4pctors (on
sunless, cbl ays) is moved across the heat-ex-
changer without the water circulating -pump in
operation.

Collectors Vacuum
Relief

cr

Check Valve

Vacuum
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Flow
Balancing
Valve

z Hot

aiIs Mixing
a) Valve1
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I
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Fig. 9-44. Typical drain down water heating piping.
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Although it is a remote dossibility, here are
some guidelines to-further reduce the danger of.
freezeup when a DHW unit cannot be Oaced in a
warm area:

1. /insulate the exterior, of unit with 1" thick
rigid insulation, 2 lbs. density per square foot
(R-4 to R -7)':

2. Insulate all piping..

3. Install a "freeze stet" so that sensing bulb is
on bottom row of copper tubing inside of the
heat exchanger' unit., Freeze slat can ener-

:i! Hot Water 'Service.
to House Fixtures

gize -either the circulating pump' or heater
tapes when the temperature drops:

4. Install a drain-doWn system using solenoid
' Valves that will be "Fail-Safe" in an. open
mode for system draining.

5. Install drain pan directly under unit and pro-
vide drain according4to local building codes.

6. Unit and attached piping must be tected-
from drafts or cold ambient air.

Water Coil iri
Heat Exchanger
Unit

To
Controller

3 Vy.ffMixing
Valve (if Keq'd.
by Local Code)

'Water Circ.
Pump

1/20'HP
115V.
60/1

Gate Valve with
Bleed CaO (for
Purging Air During
System Startup)

Cold

Pressure
Relief Valve

1

NeW
Water
Storage
Tank

(Solar -11

Piping Runs Should
be Insulated

Tank Drain

,

ir Fig. 9-45. Air system domestic water heating piping arrangement.
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7. Install backdraftdampers in both inlet and
outlet-ducts where penetrators between cold
and warm areas are made.

FISTROFITTING
Retrofit is a tern used to deicribe the prac-

t eof adding solar heat to an existing heating
system: The decision to retrofit must be.rnade on
the basis of economics. What will the cot be for
installing.4n effici&nt heating system? Can heat
loads be calculated and, reduced as necessary'?
Will the structure support the anticipated addi-
tional weight? Is there space for the various com-
ponents?

cm,

" x 3/4" Long.
Tapping Screw

. 2" x 1" x 24" Channel
8 Req'd:

!

Bar Size. 2 Req'd.

41r,oube8le Nuts
pica)ir

Mason Vibration
--isolator R-x-50.

4 Req'd,

Collector Array. Most existing strictures
hav,e been designed with roof pitches that are less
than the idearangle reqUired for flat plate collec-
tors to optimize collection of solar energy. The
very common 4/12 pitch roof for example, pro-
vides abou* an 18-1/2 degree inclinationi. While-

/ racks and stand offs can be used, it's conceivable-
that the collector_area required would Make a resi-
dential , applicatioh impractical-rcertainly un-
sightly: One solution is to accept the angle pro-
vide by the roof slope and increase the amount of
collector areaoneeded as a result.of lost efficien-
cy.-

Another apploach is to use a south vertical
collector along a wall. Ground locations are possi-
ble when Vie problems of breakage, shadows and
ducting are solved.

Still another solution is the erection of adja7
cent structures that may serve not only as a
mounting platform far sollectors but other needs
as well; porch, carport, etc.

As with new construction, the addition of in
suletion to the structure to minimize the collector
area required is quite obviously the first step.

Pipes and Ducts. Heat transfer mediums will
force the loss of some useable space in the45tru.c-
ture. A-corner of room or closetiinay be the agea

-Water
Qutlet (3/44"0.D.)

(Solaron)

Fig. 9-46. Mounting air to liquid beat exhanger.

Fig. 9-47. Collectors retrofitted. on existing roof using
existing slope even though,it is less than ideal. Additional
collector' frea mak", up for the reduced perlormance.
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(Research Products)

Fig. 9-48. Adjacent structure used to mount collectors.

Solar
Collectors

Fig. 9-49. Vertical porch wall used to mount collectors.

1 3 ,4



where pipes or ducts Iron) the loot to the base:
meat can be placed, insulated, covered with dry
wall, and redecorated. Existing joists,,, studs,
sewer lines, and other structural features may
result in atiditional duct bends and pipe elbows
that restrict fluid flow and ultimately reduce the
efficiency of the system.

Heat Storage Units. In new construction,
heat storage -units are set during or immediately
following basement construction. Retrofitting
creates a different set of-problems. HowCan the
water tank or pebble-bed be placed in the base-
ment? What are the alternatives if interior place-',
ment is not feasible?

Pebble-beds could be located .underground
beside the baseMent of the struct re. Forms
could be placed and footings and Is poured or
concrete blocks used. Then, openings in he base-

n'ient wall would have to be made for do ection
to the collectors and .auxiliary heat urce.
Pebble-beds could be` fabricated with wall studs
and-plywood in the basement. Ater pouring a pad
for a foundation, the walls could bb -made of 3/4 inch
plywood on each side of 2 x 4's about six feet
long...Fiberglass batt insulation can besplaced Pe-'
tween the studs. After setting the wooden storage
unit in place, several metal reinforcing bands

Solar Collectors

Fig. 9-50. Carport roof used to mount collectors.

(Sun Uniunted Research Corp )

lg. 9-51. Maximum insulation must be installed in a,solar
application to assure economical operation as well as
iractical component sizing.

should be placed across the entire assembly 'for
added strength. A top can be made and attached
after the rocks and sensor(s) are put inside. -

Heat'storage.units for liquids can be placed
on the ground in mild climates, buried, or get in a
covered concrete. pit beside The structure. Here
again, insulation is aProblem. Another possibility
would be to remove a portion of the basement
wall and place the tank inside on pre-poured foot-.
ings.. Still another alterative would be to bolt
s II sheet steel sectiodslogether to fabricate a
t inside the basement.

Using an attached garade-could be an equit-
'able and thaleast expensive solution to heat stor:,
age unit placement. This would e particularly
true:if the space was relatively c se tothe cglaec
tors'andl the auxiliary heating system.

Heat .exchangers and air handling ficidules
w' I be less of a problem to get into the building.
Bu it it noteworthy that they will occupy a con-
si erable amount of space. The air-handler will re-
quire some customized sheet metal 'ductwork for
connedling.the- solar heat unit to the auxiliary'
heat Unit.-
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The Other phases of solar heating installation
are the same for retrofitting as they are for new
construction. These would include.placing sen-
sors, controls, and insulation in_the apfu'opriate
locations according to approved practices.

INSULATION ,

1 Insulation;is a critical factor in an efficlent
h ating system for any structure : .Arty discu:stIon of
inSulatipn must include the 'system used by,,t1444,,
manufacturers to measure the heat trarsferquall-
ties of their products. This refers to the conductivity,
in Btu's, per hour for each square foot [Btu/(ft2h)] of '

the insulating per degree temperature difference
for each inch of insulation thickness. The higher
the K value,.the less effeclive the insulation.

It is recognized that the desigtzland geogra-
phic location of a structure will determine the ac-

.

tual insulation demands.
A point from which to begin estimating the

amount of insulation needed in currently design-
ed structures is as follows:

Attic: R-20 to R-30.
Sidewalls: 31/2 " (or full thickness)
Windows: Double pane (thermopane or storm

windows).
Doors: 11/?".'wOod with storm door.
Elsewhere: Vapor barrier, weatherstripping,

-and caulking to minimize air
leakage.



It should be.togniZed theethese specifica-
tions are minimal a d they. will vary depending on
geographical location andoonstruction design.

The whole concept of adequate insulation is'
based on s ps which 9art,be taken to counteract
heat I . Loss of hea0.r..dm- a structure is one of
the ignificant factorsused when determining the
perc tage of the average tptalheat load that can',

lor be des ned into a solar heating system. At first
thought this, refers to walls, wind9ws,
doors, a fireplace chimneys. Flew/ever, therg are,
some a itional areas of concern for a Solar
heating s stem. For-example, the back and sides
of 'the sol r collector must be well insulated. This
task is a complished during-the manufacture of
the coMponent In addition, i s fated heat trans-,
fer pipes'and ducts must tra s t heat efficiently
to well insulated heat stor ge and .distributio'n
equipment. Materials used o insulate the solar
heating system shOuld -have: (1) low thermal con-
ductance; (2) high resilience; (3) resistance to fire,
insects, weather, mildew, etc.; (4) a high melting
Point; (5) taw bulk_density; and (8) a surface that is,
resistant to abrasion. Also, insulation- materials
should be economical. to install.

. Fiberglass, for example, is one of the
materials that meets thesatriteria. The extent to
which fiberglast meets a specific criteria will
vary;. however, this insulating material has,,many

.wuses. Liquid storage tanks (space and water
heating) should have 6" or more of insulation. All
heat transfer mediums (liquid and air)-should be

,covered with atillleast,1".okins6.1ation (R-4 to R-7)..
In some special cases, pip 6, duct, and tank insula-
tion can be reduced Or eliminated whin the trans-
fer mediums are within the space designed to be
heated.

The pipes for liquids and round ducts for air
should be insulated with pre - formed -,materials
which can be slipped over the round pipes and
sealed. Pre-formed or Molded coverings for el-
bows,,and bends should also be used. Some soft
flat materials such as fiberglass could be shaped
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to fit around a' pipe but this is not an acceptable
insulating practice. The reason is that the effec-
tiveness of the insulation is reduced when the air
cells are crushed wherever The material is creas-
ed. The same inefficiency results from squeezing
four inches insulation into a narrower space. !nal-.
lation should also cover, pipes and ducts- where
they pass thrOugirfloors, walls, and ceilings. DuctItand pi changer straps should_be placed after
the ins tion has been inptalled. ..

Insulation is an extrentely important factor to
the solar heating system. Economics would dic-
tate that it is more important to design and install
a 50% heat load splar heating system that ap-
proaches 100% efficiency rather than a 100% sys;
tern that is 50% efficient. (For more information
on insulation, refer to SMACNA' Section 1.1-1.7

.
and 9.1-9.6).

SUMMARY
It is quite obvious that there are factors to

consider when installing a solar assisted, heating
system in new construction or,retrofifting it into
an existing -building. ddequate insulation, will
have to be; provided. Space will'have lo be allo-
Cated to housing the necessary parts of the sys-
tem..There are problems of supporting the collec--
fors on the roof' regardlest of,,thapitch. Choices
must be made between the liquid or air system
and-what percentage of the total heat load can be'
effectively planned for a given geographical loca-
tion.

Regardless of the decisions about how the
system is to be used,: if must be installed and
maintained prOperiy or th&life of the system will
be significantly reduced. Specific steps required
to properly balance anclitune" the system when it
is installed are very similar to.troubleghooting, re-
paicing, and "retuning" services. these activities
ale presented in the next lesson on servicing.

A



SERVICING
. A solar heating system must be serviced to

operate efficiently and effectively. The architect,
heating engineer, heating system instiller, and
the owner of the structure must have an under-
standing- of the operational principles of solar

. heating systerDs.
Them.arrthree kinds of services performed

on a solar heating system. First is' the installation
start-up, during which the system becomes opera-
tional and is tuned for optimum efficiency...the sec-
ond phase of servicing involves periodic mainten-
ance of the system throughout the lifetime of
equipment and, third, troubleshootin or emer-
gency service.

4

All servicing must be done safely. hen
working around solar heating systems, care ust
be taken to guard against burns and -electrical
shock. Collectors are capable of reaching heat
levels of up to 400°F. The possibility for c riceL
shock is the, greatest when contact i made with
electrical terminals or the wiring, particularly .if
the rea underfoot is wet as a result of a liquid
leak or other causes. One of the reasons for using y,
24 volt circuity for sensors, relays, and therfrr6-
stats is that ihe'low voltage is safer.

INSTALLATION START-UP

General Information
The responsibilities of the installer and de-,

.signer for the efficient operation of thb solar heat-
ing system are closely related. Theoretically, the
designer should take ehough_time to plan and
specifY every part of the system down to the loca-
tion and size of the last screw. In actual practice,
hoWever, the designer passes a good Deal of de-
sign responsibility on to the person who does the
installation work. It is assumed that the installer
is a skill d mechanic who recognizes .,and prac-
tices sten rd detail work that regults a good
installation. he ,designer usually es the re-
sponsibility for selecting the pr er size collec-
tors and equipment, sizing pip s and ductwork,
selecting and locating supply gisters and return
grilles, and designing the control system. The in-
staller assutnes all otherork in connection with
the system. ._....,,,,

Tiduble whiCh cannot be traced to a defec-
Ive.part, maladjustment, or installation fault may
ilti.iately be the res nsibility of the designer.
Jo field correctioAw I add output to the collector
)r otheroomponkts hich were selected without

1
'sufficient capacity in the first plade. However, it is
sometimes possible for the installer to reduce build-
ing head load demands and solve the problem.

Dudt systems that are too small can often be
corrected by adding a branch or two. Distribution
which does not provide satisfaction becauSe of
drafts br uneven heating. may often be improved
by relocating.e supply, register or return grille.

Controls may .fail to fundtion properly be-
cause of poor choice, location, or lack of owner
understanding of their purpose. These are design
faults which can...usually be corrected on site.

Solar equipment is manufactured within very it;
narrow operational tolerances. There are many
models, types, and sizes of units to meet prac-
tically every application requirement. However,
from the service viewpoint, one.cannot always as-
sume that the proper -equipment selection vyas.
made-to fit the app ion. Neither can it be as-
sumed that the o ting conditions, as one
views the installation, are the same as the original
design conditions:

It is important that customers are questioned
regarding a-change of operating conditions. Also,'"
it would be helpful if thejt understood the effedts

Fig. 10-1. Don't touch anything inside a master control
panel or wiring compartment of a solar heating system
until you have checked across.every power terminal and
each terminal to, ground to be positive all power is off,
Use test meters and test lamps with well insulated probes
and. leads to test Circuits and components. And useJUMPERS with great discretion. Components can be
readily damaged by misconnected jumper leads. Be alertand cautious at all times.

ioi
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of these.changes on the operation of the equip-
ment to facilitate service and operation.

Manufacturers have added safety devices to
protect equipment 'from operating beyond design/ ,
limitation as well as providing protection whelli a
component fails. Sincd the prime source of power
is electricity, safety devices are incorporated in
the electrical circuits to interrupt the flow of cur-
rent sh(Suld danger threaten. the system. For ex-
ample; an electrical device may wear out or an
electrical component may break down because
its , limits., have been exceeded.. Either problem
would cause the equipment to stop operating thus
preventing more serious damage to the\ system.

StartUp Liquid System
Start-up beginsi,afier the various omponents

have been set in place,'the system leak"tested and
electrical controls connected. Start-up involves
charging the

of,fluid'flow rates, tempera-
tures,

testing control modes, and
taking measure
tures, electrical power, input, etc.

Most collector manufacturers provide a re-
commended.fill procedure. It usually involves the
use of an auxiliary "charging" pump, hose con-
nections, and perhaps a special container if a
heat transfer liquid is iriGolved. One example is
shown in Figure 10-4.

AS-the system is filled, various drain valves
- --, must be closed and the air vents checked re-

peatedly throughout the filling process to insure
they are function.ing and not jammed ti, some for-

Fig. 10-2. Designer takes responsibility for sizing and
selecting equipment and related cdmponents.

eign materials. (Remember, the systern4has'already
been leak tested and flushed during installation.)

All the air will not be vented on the initial fill
since some air remains "in suspension" in the heat'
transfer fluid and will not separate until the liquid
is heated. This is typical for even ordinary hydronic

(
WHO NEEDS THOSE ?
'HE ONLY MAKES

THIS THING!

(Hydromos Institute)

Fig. 10-3. Following manufacturers' instructions is abso-
lutely essential for proper installatior: and start up.

From Collectors
To Collectors LJ r

Branch Line
Expansion Tank

30 psi Relief Valve
Watts Dual Control Valve _

Contai er of
Anti- reeze

10.2

To
Drain

Flow Control Valve _

Fcom TaM..,cpump
.}.1

I Boiler Drains
.,..-..To Tank

,--
I for Filling and

Purging System

Removable Fill Hoses

. Elec. Pump

(Daystar Corp.)

Fig. 10-4. A fill system to "charge" a collector loop.



heating systems. However, to insure. all air is re-
moved, the serviceperson canimanually open all
bleed valves every day for the first several days of
operation.-Late afternoon purges are to be prefer-
red since any air in the system will rise to the up-
per part of the system near the collector dis-
chaige'piping.

After all of the air has been vented, it is desir-
able to ,cap any drain valves to prevent 6ccidental
draindewn of the system.

Many differential controllers have a three po-
s-Rion switchon, off, and automatic. The on
position can be used for test purposes to deter-
mine if the pump as well as various control valves
are operating. Upon completion of this basic test,
the switch must be placed in the automatic posi-
tion. Controller ,manufacturers usually provide
testout procedures. One example is shown in Fig-
Ure 10-5.

. Sensors are the components from which the
controller receives an electridal signal. Therefore;
malfunctions may not be the fault of the control-

-

ler but of the sensor. Correction of the problem
can be accomplished by checking the sensor as
recommended in Figure 10-6

Once the collector temperature increases to
the controller set point and pump operation in the
automatic mode has begun, an operational check
should be completed to record the necessary data
for a given system. This list should be developed
by the contractor and his component suppliers to
meet the specific characteristics of the propri-
etary design for future servicing points of refer-
ence Figure 10-7 is a sample of such a chedklist.

To 120 V. A.C.
Power Supply

Optional
Service Switch

Pump

Collector
Sensor

E
.co

CC
a)

120°0
V. A.C.

Service'0
Switch, I

Pump'

Open on
Over Temp.

Collector®
Sensor .0____

CDStorage
Sensor z,.

Storage
Sensor

(Penn Controls)

Typical.Wiring Diagram .

If circulating ice (pump or blower) fails to energize when
conditions indicat it should be--rUnning, proceed as follows:
1. Use a thermo eter and check to be sure the proper differen-

tial does exist.
2. Check for proper voltage (120 V. A.G.) supply to terminals

5 and 6.
3. If Steps 1 and 2 check all right, disconnect the collector

sensor leads from the controller. This stimulates a very high
collector panel temperature and the pump (blower) /should
energize. Another way to test this function would be; to re
connect the collector sensor and short circuit thetorage
sensor. This simulates an extremely, loW storage terhperature
and the pump (blower) should energize.
If this step energizes the -pump, a defective collector sensor
and/or storage sensor ts indicated. Refer to sensor checkout
instructions. (See figure t0-6).

t. If the sensors re opetationhl per Step 3. short. circuit
terminals 3 and foa,the manualoverride and if the pump-
(blower) energizes. a defective manual override switch is
indicated. Check Wiring to switch. Replace the switch. if bad.

Fig. 10-5. Checking, differential controller.
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If faulty sensor(s) is suspected proceed as follows:
,1. Disconnect sensor wires.
2: Measure temperature at sensor,
3. Measure resistance of sensor with an ohmmeter. An open or

short measurement indicates a bad sensor.
4. Check temperature measured in Step 2 and resistance

measured in Step 3 against the curve above.
5. Replace sensor if it is defective.

10.3

Fig. 10-6: Sensor checkout.



Start-Up-Air Systems
Generally, speaking, the start-up of air sys-

tems is considerably easier than liquid systems
since the fill/venting procedure is unnecessary. In
all other respects, control checks, and temperature
and power measurements are essentially the same.
Before actual start-up, fojlow these precautions:

1. Check for proper mounting of belt-drive
motor.

2. Check belt tension.

3. Check pulleys for tightness on 'shafts.

4. Remove all tools, materials, etc. from inside
the unit.

5. Check auxiliary heating unit per manufac-
turers' recommendations.,

6. Activate electrical power to air handling unit
and controller.

1. Date of recording

2. Atmospheric conditions

7. Check rotation of air handler blower..

8. Activate electrical power to auxiliary heating
unit.

9. Secure all access doors.

10. Check operation of all components and sys-
tems per control instructions.

Once the system is operating and there are
no immediately obvious emergencies, the opera-
tional checklist as outlined in Figure 10-7 can be
completed.

System Balancing
In the operational checklist of Figure 10-7,

balancing of both air and liquid flows is essential
to the propei operation of the solar assisted heat-
ing systeM. While many conventional residential
hydronic and warm air systems are not thoroughly
and accurately balanced, it is necessary that com-

OPERATIONAL CHECKLIST DATA

(sunny, Cloudy, etc.)

3. Ambient temperature °F

4. Thermostai settings
4.1 Heated space °F
4.2 DHW heater °F

5. Collector.,
5.1 Absorber plate temperature °F
5.2 Collector Outlet temperature °F
5.3 Collector Inlet temperature °F
5.4 Condition of transparent .covers
5.5 Condition of cover mountings,.
5.6 Condition 'of absorber plate
5.7 Condition of flashing
5.8' Evidence of leakage
5.9 Balance of manifold
5.10 Emergency purging- components
5.11 Pressure drop (manometer reading)

6. Pipes and Ducts
6.1 Condition of insulation
6.2 Evidence of leakage

7. Heat storage unit
7.1 Top .temperature °F
7.2 Middle temperature °F
7.3 ,Bottom temperature °F
7.4' Evidence of leakage
7.5 Condition of insulation

8. Fluids
8.1 Cleanliness

8.1.1 Filters in liquid system
8.1.2 Filters in air system

8.2 Antifreeze (hydrometer test) °F
8.3 Acidity
8.4 Evidence of corrosion

9. Heat exchanger (liquid closed loop or air handler)
9.1 Collector inlet °F
9.2 Storage outlet °F
9.3 Auxiliary heater outlet °F
9.4 DHW preheat °F
9.5 DHW cold water supply °F
9.6 Pool 'preheat °F
9.7 Pool water-return °F

10. Dampers
10.1 Cleanliness
10.2 Condition of weatherstripping
10.3 Evidence of leakage

, 10.4 Motor(s) operation

11. Valves
11.1 Evidence of leakage
11.2 Evidence of corrosion
11.3 Solenoid effectiveness
11.4 Cleanliness of filter screens (if present).

12. Auxiliary heating. systems
12.1 Evidence of leakage
12.2 'Electric heat

12.2.1 Condition of lead-in wire
12.2.2 Condition of.:heat element

12.3 Liquid or gaseous fuel
12.3.1 Evidence of leakage
12.3.2 Condition of upper limit switch
12.3.3 Condition of lower limit switch
12.3.4 Condition of automatic valve
12.3.5 Conditiorof pilot flame
12.3:6 Condition of burner flame
12.3.7 Condition of electrical controls
12.3.8 Condition of blower
12.3.9 Condition of air-return filter
12.3.10 Condition of sediment filter (oil)

Fig. 10-7. Sample operational check list.
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plete balancing procedureS be followed using ac-
curate testing and balancing instruments. Each
system should, therefore, be planned from the
very outset to ease the balancing task by provid-
ing for pressure and temperature measurement
stations. Before any attempt is made to balance a
system; time should be spent to prepare. Here are
several items which should consider before star-
ting the job:
1. Inspect the entire job plans and decide on a

specific approach to balance the system. By
reviewing the plans and specifications, a
contractor can determine 'a definite step-by-
step procedure. At t s time, it can also be
determined if t'h re are any variations be-.
tween design d awing& and shop fabricated
drawings.

2. Make up a complete set of work sheets in ad-
vance. Properly organized, these data sheets
can produce a time - saving record of all mea-
surements made as the system is being bal-
anced.

3. Have available register manufacturers' rec-
ommendations for measuring air quantities
at the diffusers and registers. Then prepare a
list of.-needed air flow measurement factors
(K values).

4. Have available pump and fan performance
.data as well as collector pressure drop
information as supplied by' component
manufacturers.

5 Plan balancing procedures so that the back
dampers provided with the diffusers or regis-
ters will be used only as the final trimming of
the air distribution system. bo not do this for
initial system balance since it often leads to
complaints of excessive whistling noise and
possible poor air distribution.

Instruments for System Balancing
There are many air balancing instruments

available and the question is often asked, "Which
ones are needed to. do a, good job?'' Experience
suggests that the following instruments are needed:
1. A deflecting vane anemometer, such as me

Alnor "Velometer," for measuring air veloci-
ty.

2: A rotating' vane anemometer and stop
watch -also for measuring velocity.

3 A Pitot tube and connecting hose to sense
static or total pressure.

4. Various pressure gauges such as a manom-
eter. U-tube slope gauge, and magnehelic
gaurjn for indicating pressures.

5. Thermometer fo,r temperature measure-
ments at various duct locations.

6. Tachometer for measuring fan rpm.

7. olt-amp meter for checking the fan motor
vo age and amperage.

The importance of aninstrument that is pro-
perly calibrated cannot be overemphasized. The
instrument should always be checked before bal-
ancing a job. With this in mind, these precautions
should be followed:

1. Always follow the instrument manufacturer's
recommendations for checking the calibra-
tion of the instrument. Most instruments are
very delicate and if they are dropped or
bumped excessively, calibration can be
changed. Using an out-of-Calibration instru-
ment can only result in a poorly balanced
system.

2. When possible, the same instrument 'should
be used for the entire job. More instruments
multiply the danger of calibration errors.

.3., If more than one instrument has to be used, a
check should be made to compare how close
they read. Variations between instruments
should not be greater than plus or minus 5
percent:*

For a thorough explanation of balancing proce-
dures, refer to SMACNA's Testing, Balancing, and.
Adjusting of Environmental Systems manual.

PERIODIC MAINTENANCE
Correct maintenance is perhaps even more

critical for solar systems than for conventional
systems, and the owner must be aware of this.
Contractormight offer` a yearly "service pack,
age" for thpse consumers who do not wish to as-
sume maintenance responsibilities. The items of
maintenance which must be emphasized are:
1. Air filterschange monthly for the first three

months and quarterly thereafter.

2 Liquid filters. change after the firtt month
and annually thereafter.

3. Antifreeze solutioncheck annually, change
when color indicator changes color.

Blower drive beltscheck annually and
change'if worn.

Pumpslubricate at fixed intervals suggest-,
ed by manufacturer.

Liquid levelcheck weekly for first month

4.

5.

6.

10.5
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and quarterly thereafter. If liquid level cliews,
check for leaks. Also, check any time the
electrical power has gone off during the day.
If low, refill with proper antifreeze solution;

Component Maintenace
Here'are specific maintenance steps for each

solar component:
Cotlectors. Collectors are the heart .of the

solar heating system. Servicing involves trouble-
shooting and repair of various elements in the col

, lector%.,
Transparent Covers. Outer covers should be

free of dust and dirt, chips, cracks, condensation,
etc., and the rubber mounts should not be cracked
from the effect of weather and heat. Inner covers
should be inspected for the same kinds of physical
deterioration.

Absorber.plates. Different inspection prac-
tices will be utilized for air or liquid absorber
plates. The fluid transfer tubings and ducts for
each,type of collector should show a similar pres-
sure drop between the inlet and outlet fittings.
Pressure drop across each collector is Measured
with .a manometer (Figure 10-9) or by temperature
rise.' The fluid levels in the two sides of the loop
will be even when the collector is not oper4114.
When fluid is passing through, tgere will be abif-
ference in the height of the iiqui6in each tube. An
efficiently operating collector will have about 1/2"
to 1" differsence in liquid levels in the tubes.

The temperature at the top of each collector ar-.
ray should be the sane. A hbat flow meter, jhermo-
meter, or surface pyrometer Can be used to measure
this characteristic. Differences in temperature
can be balanced by opening or closing the flow
rate valves at the top (outlet manifold) of each col-
lector or array. 'If adjustments do not correct out-
let terrlperature differences, there may be corro-
.sion constricting the tube which will have to be
removed.

- Inspect the absorber sensor. it' should be at
tached firmly to the plate and a small amount of
tftamoconducting compound should be present
between the plate and sensor to increase sen-
sitivity.

Absorber plates are coated with flat black
paint or special heat-absorbent selected coat-
ings. The manufacturer's literature should iden-
tify the proper touch-up Material if the surface
peels or gets scratched.

'On a clear sunny day (all day), around noon, a lemperature
rise from 15 to 25 degrees for a liquid loop and ,to 75 degrees
for an air collector would indicate effective o rdtion.

Fig. 10-8. A visual inspection is an important part of sys-
tem maintenance. .

Safety Reservoirs (V Liquid
Volume When Using Mercury)

U Tube (Usually Glass for Mercury
and Plastic for Tinted Water)

Measurement Scale (U Tube and 'Scale
Vertically Moveable with Respect to

Each Other for Zero Adjustment)

10-8
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fluid (Mercury for water P,
Tinted Water for Air p P)

Fig. 10-9. Details of a "U" tube manometer.



Tubing. Tubing on the absorber plale may be
14. loose or have pulled away from the plate. If this

happens, hea; transfer cement will make the tube
stationary and fill in any voids.between the tube
and the plate. Poor tube-to-plate contact reduces
collector efficiency.

Pipes. Liquid transfer pipes should be well in-
sulated. They should be mounted solidly. There
should be no visible signs of leakage either frOm
the water in a drain down system or antifreezein a
closed system collector loop.

Ducts. Air ducts should be sealed to prevent
leaks. Passing a heat flow' 'meter sensor or simply
your hand across the surfaces of each duct sec-
tion should reveal any hot area thus indicating
that the insulation inside has loosened. Disas-
sembly will be necessary to correct the problem.

' Heat Storage Units. Storing heat in a pebble-.
bed or liquid tankshould be a rather maintenance-
free proposition. Using concrete for a pebble-bed
or liquid container poses maintenance problems
if it cracks because of poor quality control in the
batch of concrete or inadequate footings upon
which it is placed. Water backing up from a clogg-
ed sewer or inadequate surface water handling
systems (resulting from, a hard rain) could flood
the pebblebed and cause a difficult rock cleaning
problem.4the lower Opening in the concrete con-
tainer is level with the bottom of the pebble-bed,
drainage of water when, cleaning the rocks can be
handled easily.

There are problems with making water tight
concrete-to-pipe seals for liquid systems. Silicon
can be 'used under a pipe flange when it is bolted
to the container.

Fewer problems exist with glass or stone lin-
ed steel tanks for water storage. The unit is
maintenance-free unless the water can make con-
tact with the steel and cause harmful rusting.

A totally fiberglass tank would be as near
maintenance-free as could be expected. (Remem-
ber temperature limitations, however.)

Inspection of the steel or fiberglass water
tank irsulation will reveal twat loss sources if the
covering i5 split or loos . This problem can be cor-
rected(with special tape§ and adhesive materials
manufactured for that purpose.

Fluid (Liquid)., Maintaining the liquids to the
proper specifications has two very important
functrons. Unless-an adequate amount of anti-
freeze is used, extensive damageno the heating
system and structure can result from freezing.
Care must be taken to check the antifreeze con-
centration regularly. i

Corrosihich causes metal deterioration,
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especially iron and aluminum, can be costly. Cor-
iosion inhibitors should be added to the system
as needed. The iron neutralizing material in the
getter columrt should be checked and replaced
when it decomposes.

Fluid (Air). Contamination of air can be con-
trolled by filtering. Filters located near the pebble-
bed in the air return from the heated space need
the same kind of attention as those in a conven-
tional heating system.

Air Handler (Air System Heat Exchanger).
This units contains electrical controls,.plumbing
connections (for, DHW), air diverting dampers
(gravity and/or motorized), a blower and a blower
..motor. Removal of a side panel allows access to
the blower and motor for oiling. Damper adjust-
ments, as well as the.rubber seals on the louvers,
can be inspected and repaired or adjusted as
needed. Water leaks from the DHW coil can be lo-
cated easily, but additional disassembly may be
necessary to make repairs.

A discussion of the electronic controls will
be taken tip in the controls section ofthis lesson.

Dampers. Dampers located elsewherCin the
air system should be maintained with, insIction)

.and repairs as noted for the air handler.
Valves. Valves are subject to leakage and

corrosion (from' electrolysis the same as other
components). The ball in _the back-flow cheCk
valve must be free to move. A valve replacement
must be made if the stainless steel ball inside is

.not free to 'move. Solenoids or automatically con-
trolled valves will short out, especially itthey get
wet, and must be replaced. Valves containing
Screen filters must be disassembled and their fil-
ters cleaned periodically. Air-vent valves must be
replaced if the float becomes inoperative. Other
valves which are installed to preVent over-
pressurizing and/or overheating should be check-
ed to determine if they are operational.

Auxiliary Heating System. It is not within_the
objectives of this lesson to describe maintenance
procedures for auxiliary heating .system: The op-
erational checklist presented in this lesson
should be adequate to describe 'the maintenance
demands of the system.

Domestic Hot Water Heating. Figure 10-10
bromides a simple maintenance checklist for both
open and closed, water heating systems, includ-
ing maintenance the homeowner can do.

%Sensors. Sensors are generally found to be
identical as far as their function is concerned.
They are all nickel wire wound resistors with a
sensitivity to heat that varies, their internal elec-
trical resistance. For example, asensor may have



a resistance of 1000 ohms at 72°F. As the sensor
warms or cools, the internal resistance will
change 3 ohms per °F. A temperature drcfp of 20°F
that would cause a pump to energize will change
the resistance of the sensor to 940 ohms.

Sensor mounting is accomplished by differ-
ent methods. Some are held in place with screws.
Others slide into bulb wells. Pipe threads are on-
still other models which screw directly into the li-
quid where temperatures are being monitored.

Sensors are easy to replace unless they are,
immersed iri a liquid. Then, the system must be,
drained until the water level is below the sensor
mounting hole.

All systems should be checked at least once a year.

A. Drainstown.and Antifreeze Systems
PuTrin Check any lubrication points and lubricate as
necessary.
4ir Vent Check for clean float and seal. The air vent
Will "sputter" if there is any debris caught in the
Collectors --; Clean the outer glazing. All acrylic, should
be cleaned with mild soap and water followed by a water
only rinse.
Tank Drain the tank and flush to remove sediment.
Chkk all fittings and insulation for leaks.
Re-balance the system with the flow control fitting!

B. Drain -down System Only
Check system pressure. iindits relation to the spiting on
the pressure switch. Adjust if necessary.

0-Remove a fitting if possible to check for scaling. If any

Electronic Controls. The, solid' state elec-
tronic controls for a solar heating system are op-
erated by.the line voltage (120 VA9) which ser-
vices`-them p the sensors which detect temper-
ature diffe nces and cause the pumps or blowers

'to be energized. The controls are att-faotory ad-
justed to the specifications required for the vari-
ous modes of operation. If a qustomer needs dif-
ferent temperature settings than those which are
established for standard stock. controls, the
manufacturer will prove the alternate settings
within the control.

One of the principal ele tronic controls is the
differential thermostat. It's operation was de-
scribed in a previous sectio . This control uses
two sensors. One can beloca collector
and the other in the heat stora unit. U on com-
mand, the thermostat will ener ize a pump con-
nected to the relay terminal and Cause the fluid to
circulate through the collecto circuit. A pump
with a maximum operating cu of up to 10 amps
may be used with this unit. Another model of a dif-
ferential thermostat has two, sets of ratay con-
tacts. One set operates as ithclicated above and
the other set may be used to energize the,pump to
protect the open loop circuit from freeze' damage.
When this condition occurs, warm water from

------storage is circulated in the collector to keep it
from freezing. Another option would be to use the
second Set of terminals, to cause a solenoid op-
eratrain to purge the collector of water in the
event fnear-freezing temperatures. Still another
option would be to switch on the auxiliary heat
source if there were not sufficient heat available
from the storage unit or developed from the col-
lectors.

A proportional control operates much like the
differential thermostat. The capability that this
control has is to be able to operate a pump or
blower at either of two speeds whenever the load
demand is high or low. Obviously, a two speed
electrical motor must be used with this control. 4
By operating a pump or blower at two different
speeds, the peed for balance valves toltdjust flow
rate may be eliminated.

A control, called, an activator, may serve
many purposes. It can drain a collector, power a
small heating element added to a collector to pre-
vent freezing, ohange operations from rie stor-
age tank to anpfhOr, activate the auxi iary Vat
source, or perforM any other functi n that is r
desired.

Pump-operating ampera es, and voltages may: a,
be required that excee he r e. Ej of various con-
trollers for heavy duty systems. The re-
gulators described above can be used, but an-

1 .1,1

exists, install a water filter soft water system such
Calgon's "Season Treat."
Check for clean operation of the solenoid valves by un-
plugging the tine from the auxiliary outlet. Be sure that
the drain runs freely.

C. Antifreeze System Only
Drain and flush the collector loop and re-balance the
system.
Refill with antifreeze according to instructions. Check

.
'antifreeze once a year for ph and.scale. If scale is visible
or ph is not between 8 to 9.6, replace.
Check system pressure and relief valve in collector loop
for proper pressure range.

D. Homeowner Responsibility
1., Keep alt debris from collector array (such as leaves,

branshes, etc.).
2:Allow the system to run if you only plan to be away from

the house a few days. If you plan to stay away for a period
of a month of longer, turn the syster off at the control or
breaker panel,

3. If a leak develops, shut doWn the system immediately. Call
your installer.

4. Periodically check the system pressure, fittingal.and pipe
insulation. If no hot water is circulating from theriollectors.
check the following before calling a serviceman: (1) Be
sure all electrical cords are plugged in; (2) Check low
voltage wire connection to face plate on control; (3) Check
fuse or circuit breaker which services the system; (4) Be
sure valves are open (do not tamper with balancing valve).

5. Conserve water! Install flow controls on shower heads,
use the dishwasher only When completely full, d6 not run
water unnecessarily.

Fig. 10-10. Dotr.astic water heating maintnance check list.

(Suneerthl
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other relay must #e added- fork the extra Current'
and voltage requirerrftnts of the heavy duty pump.

Maintaining motors,or other devices with Solid
state electronic control equipment is relatively
simple. For example, if a pump does not start
when it should, use a thermometer first to verify
that the necessary temperature differential exists
to activate the unit. Second, check for adequate
service voltage (for example 120 VAC). Third, dis-
connect the collector lead from the control. This
simulates a very high collector temperature and,
as a re§ult, the pump or blower should operate. A
simitai Check by shorting out the storage sensor
will simulate an extremely cold condition and sig-
nal for the pump to start. If the pump does operate
at this time, the collector or storage sensor is de-
fective and must be replaced. The fourth,heck is'
to short out the service switch. Merely wirinaround
the switch is sufficient. If the Pump opera s re-
place the switch. 'fth, if after all of these trouble-
shooting procedur s the pump still does not func-
tion, the electron control unit must be replaced.

Pro er in allation and maintenance servic-
ing will o timize the operation of a solar heating
system. per maintenance will extend the effi-
cient and ective life of a solar heating system
for the gfeat st length of time. A much greater re-
turn can be realized on the money invested if the
proper servicing steps are taken at regular inter-
vals.

TROUBLESHOOTING
.

The quality of service can made the differ-
ence between success and failure in the heating
business. The custother-epects not only a good
installation, but also prompt and efficient service
in the event of trouble. Many successful contrac-
tors sell their customer on the practical aspects
di% preventative maintenance. This meant an an-
nual inspection of the heating equipment, made
during the summer to insure that the system is in
good working order at the start of the following
winter. This will.reducethe4trobability of an emer-
gency service call in the middle n the winter.

There is no substitute forekperience when it
comes to efficient servicing. No text could pos-
sibly cover all service problems.

By adhering to the 'rule's, procedures, and
techniques outlined in this lesson, service pro-
blems can be isolatethto specific faulty com-
ponents (or faulty de n) in a minimum amount
of trouble shooting time. Obviously, the impor-
tance of understanding and using detailed service
instructions provided by the manufacturer of spe-
cific makes and models of controls and com-
ponents cannot be overemphasized.

104
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Unless an individual is an extremely experi,

Pro -

cess

serviceperson:the basic approach to trou le-
shooting has simply got 'to be by means of a

of elimination. Four basic steps are recom-
mended:

1. The complaint is noted.

2. The symptoms are determined.

3. The cause for each symptom is checked.
4. The trouble is remedied.

Avoid guesswork. Instead rely on a system-
atic approach to the problem. 'Of course, not all
guesswork can be avoided. The so-called "edu-
cated guess" of an experienced service techni-
cian can often save time and money. Past expe-
rience greatly assists the organized trouble
shooting approach.

When a solar heating system fails to perform
properly, the underlying cause will usually fall in
to one of four categories: part failure, impro
adjustment, poor construction, or poor design.

Ii

\=----------
-- I'1-1-.1-:`,-;"" ..ix(

Fig. 10-11. Providing emergenty service is a very impor-
tant parr of the overall success of a solar - ,-install ion.
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Part Failur
A part\-failure is, perhaps, the easiest mal-

function to correct since, once detected, a simple
replacement puts the system back into satisfac-
tory, operation. Many part failures are quite op-
vious; for example,' a broken belt, a wornout bear-
ing, or an open circuit breaker. Some, however, re-
quire considerable skill, to detect. -In between,
there are failures such as ,a leaking pipe .joint, a
burned-out motor capacitor, or a defective con-
trol. Followind the "process ,of elimination prO-
dedures may be necessary in order to pin-point
the "cause" of these problems.

parts fail for several reasons, all of whiCh can be
summarized as follows: (1) defective in manufac-
ture, (2) subjected to conditions beyond their rated
capacity, (3) not properly maintained, and (4) worn-
out from usage.

Modern factory quality control methods used
by the leading manufacturers prevent most parts
of defective manufacture from getting beyond the.
,factory. To protect the owner from the few that do,
one to five Year guarantees are often' offered. Any
part which functionseatisfactorily for a year has a
good chance offremaining'in good operating con-
dition for many more years of service.

Parts Whichfail due to application beyond
their rated capacity include mostly electrical
items. such as motors and controls. it is possible

,-- to Ofer load fan motors -by imposing conditions i
the field which are beyond their intended service.
A fan motor can easily be overloaded by small in-
creases in fan speed since brake horsepower re-
quirements increase as the cube of the speed
ratio. Thus, for example, a fan requiring 1 hp at
500 rpm would need 8 hp at 1000 rpm.

Electrical controls are all rated by their re-
spective manufacturers for maximum arn4ere draw
at each operating voltage-. When theserconditions
are exceeded, the life of the electrical com-
ponents in the control is shortened Considerably.

Parts which fail due to imprqper mainten-
ance can be eitheP mechanical or electrical. Any
system having components expoged to outside
weathers is subject to rust and other types of
deterioration due to rain and prolonged sunlight.
This latter is particularly hard on parts made of
plastics and on electrical insulation. j

Any part which requires periodic1Ubricatiop
is subject to premature failure when regular lubri-
cation maintenance is ignored. Motor and fan
bearings fall into this classification.'

The fourth classification of parts failure is
wear and tear. Every system willSbe subject to this
type of problem. The most vulnierable items are

-electrical components. However, mechanical
components with moving parts, such as bearings
and pump,vre not far behind. Scheduled lubrica-
tion will prolong their life.

Adjustments
A second majdr reason why a solar system

fail's to perform properly is, as noted previouSly,
improper adjustment,.' As compared to a system
Which does not funcilon at all because of apart.
failure, a system thati.S not in proper adjustment
may cause the owner great dissatisfaction. The
reason is that, in the former case, the owner is
sure something is wrong so the service person is
called and the condition is corrected. When a sys-
tem is out of adjustment,' however, the condition
may develop so gradually that the owner ma not
be certain that something is wrong - t;r-r a
period of considerable annoyance.

A system which is out of adjustment ay re-
sult in an owner complaint because the:
1. Heating capacity seems to be decreasing.

2. Heating is uneven and drafty.

3. Operating cost is rising.

4. Noise level is rising,.

One adjustment that is required by the ass-
ind of time is the reduction in capacity due t dirt.

umulation on the air filter. Every 5 percent e-
duction in air flow rate results in a capacity redu
tion of about 1 percent. Dirt Fihich is allowed toac-
cumulate on the blades of the fan, dampers which
restrict air flow unnecessarily,. and rugs or fur-
niture placed so that air -cannot move freely
through a stipply outlet or return grill will all have
the same effect upon capacity as the dirty filter.

Even though collectors check out as qperating
properly, it is quite possible for the owner to com-
plain of improper operation due to poor air distri-
'bu'tion. This is a matter of damper adjUitment. The
dealer-contractor can help ease this problem by
making branch dampers accessible and by marking
the various required damper positionS.

To avoid drafts, registers with adjustable
blades are preferable. A system cannot always be
designed with outlets located so they may serve
with a sin le setting. For this reason, compromise
outlet lo Lions must be fitted with types of re-
gisters whic have the necessary flexibility so,..thal-A
they may be adjusted seeona.l.tx to throw the condk,
tioned air in a pattern wfiich will not cause discorv-
fort. , 4.

Increased operating cost is not always, the re-
sult ola malfunctioning system. Sometimes it is
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due to a change in the owner's operating schedule.
Complaints 'about noise result from: (1) ad-

justments to air flow, (2) changes in damper posi-
tions, (3) wornout equipment isolators, (4) wornout
pump bearings and belts, and (5) loosened fas-
tenerS. Generally, a noise which develops with
system use is not as difficult to correct as an
original noise.

COMMON PROBLEMS
Reports on solar demonstration projects in-,

volving both solar domestic water heating and
whole house space heating Included these observe-
tions:

t Large heat losses from inadequately insulated,
pipes and ducts.

'2. Malfunctioning controls.

3. Failurp of drain-down systems to drain co
pletely (thereby causing freezeupt.

4 Noise from solenoid Control valves.

5 FreezeuRip inadequately protected pipes lead-
ing tq closed cycle freezeable collectors.

6. kage in antifreeze loops.

7. High power consumption from oversized fans
or inadequate ductWork.

8. Leaky valves and dampers.

9. Leaks in closed-loop circuits diluting anti-
freeze solutions.

10. Not taking into account different properties
heat tranSfer fluids when sizing expansio

nks' and pumps.

1,1. Impr er connections to Storage tanks (not
taking ull advantage of temperature sfratifica-
tion inside tank).

12k Plastic covers on some collectors fluttering in
high kids.

13. In mpatibility between some heat transfer
f uids and seals and gaskets used.

14. eep holes in collectors becoming plugged
d causing pressure 'buildup behind glass

c vers.,

15. Ov rheated collected causing damage to col-
lector and nearby building materials or com-
ponents.

18'. Out gassing of materials inside collector and
'depositing a film on the inside of the collector
(solid materials vaporize).

10-11

Finally, t of the most important errors contri-
buting to solar eating problems were the inade-
quate calculation of building heat loss and the use
of inaccurate weather data.

WARRANTIES
The types of warranties offered by manufac-

turers of solar heating equipment vary consider-
ably. At the present time if a supplier provides
any warranty, it is of the "limited" type. Under its
terms, the equipment is warranted to be free of
defects in materials.and workmanship, and that, if
such defects are found within a'certain period of
time after initial use, correction or replacement
will be made without cost to thguser. Most of the
suppliers of solar equipment 06 not currently of:
fer ai'y type of warranty. A few larger companies
involved in solar equipment manufacture are of-
fering one -year limited warranties. One company
marketing an air system offers a 10year limited
warranty.

There appears to be no manufacturer's guar-
anty as to thermal efficiency or heat delivery
capability of solar equipment. Although manufac-
turers are providing that type of information in
their sales literature, they are not guaranteeing
the performance in the field. To a certain degree,
this omission is . due to the inability of the
manufacturer to control the qualify of the installa-
tion. rri addition, manufacturers supplying only
certain components of a system, such as the col-
lector, cannot be assured that the other com-
ponents in the system, are correctly selected or in-
tegrated with their own product. Thus, inferior:per:.
formance might well be due to factors other than
those controlled by the collector manufacturer. A
performance warranty would thus be difficult to ,y-
establish and maintain.

.Still another problem in prdviding a mean-,
ingfurperfor(nance warranty is the great variation
in climate enpuntered and the practical difficulty
in accurately measuring the output ofjthe install-
ed equipment. Instrumentation is usually not pro

). to
-

p.keelt,vided; so measurem nt of performance is I
be an expensive i estigatItn by an ex erienced
engineer. Disputes litigation, and other problems
are inevitable.

Practical performance warranties should
becorhe available for complete solar heating
systems provided by a single manufacturer when'*
assembled and installed by a single responsible
individual or firm. Un er such conditions, the
manufacturer has suffi ent control of the system
design and the quality o the installation to have
assurance of performance. The Manufacturer
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could then guarantee the system to the installing
firm which, in turn, would guarantee it to the pur-
chaser. In case of dispute, the installer' could
measure system performance in the presence of
the owner and a third party, if demanded for ter-
mination of conformance. If inadequac' are de-
termined, corrections would be made in cam -
pliance

,
with the warranty, and the installer and

manufacturer would establish responsibility for
the departure from specifications.

Such developments as the Home Owners
Warranty (HOW) program, 'sponsored by the Na-

t, tional Association of Home Builders, can be' ex-
pected to have an influence on solar heating
equipment guarantees. Under the HOW program,
all defects in a residential structure will Pe cor-
rected at no cost to the ownet during the first
three years ofuse. It may be expected that solar
heating equipment will have warranties conform-
ing with such a program. Manufacturers will then
be required to guarantee to the dealer and irk
staller the necessary support for compliance witil
this program.

The solar equipment manufacturing industry
unfortunately includes several small suppliers
having pradtically no experience with solar equip-
ment and offering no warranties (of any kind. Pur-
chasers of such equipment have very little chance
of reimbursement for costly failures. Even if a
small, marginal manufacturer offers some sort of
warranty, a purchaser does not have much assur-
ance that the manufacthrer will remain in buSi-
ness long enough to make good on its guaranty.
In the event of equipmentdefect or failure, the
owner (or contractor -if an installation guaranty
was pr6vided), would suffer the loss. These and
other topics are discu'ssed in the governmerlt
report, "Buying Solar," published June 1976 by
the Federal Energy Administration and HUD.

CONSUMER INFORMATION
Many homeowners are not interested in the

mechanical operation of a solar system any more.
than they are about the'mechanical operation of a
car. However, some homeowners will be interested'
in complete details of the system. The contractor
will have to decide, perhaps from the questions
asked, just how'rnuch explanation of the system is

necessary.
Also, the Consumer Product Safety Act of 1972,,

in addition to emphasis on the design and-onarket-
ing of unsafe products, also stresses that essen-
tially hazardoLA products must be properly labeled
and full and complete instructions provided. The
Consumer Products Safety Commission has stated

10-12

"They (manufacturers, wholesalers, and dealers)
must be in a position to advise the buyer com-
petently on how to use and how to maintain and
repair the product (sold)."

.Here are a few suggestions.:
f. After the system has been installed, a

quaI(fied person who is 'familiar with the
operation of the; system should place the
equipment under all modes of operation to
insure that it is functioning properly. The
owners should be shown the location of the
fuse disconnect switch and the thermostat,

63and be instructed in how to start, operate,
and stop the units and adjust teMperature,
settings. The manufacturer's installation and
operating iiustruotions should. then be de-

% livered to the owners and reviewed with
them. 4

All related component installation and .ser-
vice instructions should be placed n an at-
t ive binder .with your compa !s logo,
game, address and phone number placed on
the cover; together wittr a brief letter of
welcome in the case of a nevi building pur-
chase, reference to your guaranty or' other
similar introductory statement on quality of
materials: workmanship, etc. This binder
should be stored in a prominent,space in ttee
equipment room.

Whether or not a service contract is written,
or if the equipment is under 'warranty, the
owner should obtain the dealer's name and
service department 'telephone number. A
copy should also be p'ermanently placed on
the unit.

To avoid unnecessary calls and extensive in-
terruptions in comfort .heating, it is often
'convenient to provide a check list in case rfs4.
failure. Things to do before calling for. ser-
vice might include checking for: blown fuses
or open circuit breakers, dirty filters, broken
fan belt, open dampers, a thermostat that. is
set too high, etc. Both the owner and the con-
tractor benefit from such a simple check-out
routine.

OPERATIONAL PROBLEMS
A report'on the operation ovarious HUD de-

.

monstration .programs was pref6ared !for The,Na-
tional Solar Healing and ooling InformatioriCen-
ter by Dubin-Broone Ass ciates in July, 1977. That
report identified the m ny areas of inadequacies
Or insufficient detail for varpuS HUD projects.
From an analysis of this report, the following data
are presented: .



HUD Solar Heating Projects

Problem Areas Description

Syst 1 building heat load'calcula-.
Hon errors by deSigner
and/or contractor

2. rule-of-thu-nib estimating is
totally inadequate

3. failure to seek help from
the system component
manufacturers

4. lack of technical informa-
.tion (example: fla
to transfer fluids)

5. poor quality control and
shipping practices by,,
manufacturers (example:
broken components] being

. delivered)

Collector

Storage:

f

ti

1,

1. poor packaging practices
to prevent damage

2. out ga1sing breakdown
of material that results in a
film on the inside of cover
.plates

3. unable to withstand
300°400°F stagnation
temperature's
broken tubing due to ship-
ment in cold weather when
testing water remained in-
side" should have been
toty drained'
`weep holes .plugged .,that
allows pressure buildup irt
collector tliat result's in
cover' plate pop-out or
breakage

6. unstable selective
coatings. wjjch are often
experimental materials

.7. moisture 'collection and
roof rottingprevent with
above roof mounting,
design

8. leakage 'from cracks,
breaks or faulty ciamps,in
10% .of the systems
evalbated

.reAter problems with

Fluids
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Piping, Pumps'
and Valves

SUMMARY
As the Dublin-Boor report su9 ests, the solar4

heating system is in its infancy. he industry is
still experiencing developmental-problems. There-for iit is necessary that desgners, architects,, , - en-
gineers, Manufacturers, installers, and even con-
sumers continue toikeep up-to-date on the latest
developments in the field. Technologipal ;zid-
vances are-being made and introduced to the in-
dustry alrArst on a daily basis. Efficient and effec-
tive means of utilizing this natural energy source
will soon be- realized. .

';1.
.

',

(atmospheric) pressure
tank ihStallations

2. temperatures exceeding
the 160°F rating for Jiber-
girds tanks

3. underestimating liqUt d
# thermal expansion (1..5

multiplier for4lycols)
4. misunderstanding of

stratification
5. better out-of-the-way placp-

merit was feasible

1. corrosion due to lack of
hibitor additives

2." glycol solution (50.) di- ,

lutgd by automatic fill
which only adds water

3. corrosion caused by failure,/
to use getter column" it
aluminum collector is in-
stalled

. 1/
1 inadequate, insulation re-

sulting rrilower system ef-
ficiency or freeze-up es-
pecially in uninsulated
parts of the structure arid
when pipes pass through
the walls, floors, and ceil-
ings

.2. heat loss due to failure 'to
insulate duct joints

3. frpeze-up of lack of drain- -

,down because piping was
not pitched properly

4. poor' quality material used
that caused early Campo-
neril failure /

5. gasketS dissolved by some
fluids 4
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LEGAL RESPONIBILITiES
AS`the supply of fossil fuels becomes more

critical in the future, alternative energy sources
will have to be'developed. Solar energy is one of
the alternatives that is gradually becoming more,
adaptable fo heating-purposes. The technology is
in its infancy but steady growth is anticip#ted.
The concern of this lesson is not with identifying
the technology of solar hefting but with Mb im-
pact that technological development has on peo-
ple and property. The lives of people are affected
where their,health and safety are concerned. The
value of solar heated property is affected by such
/actors as taxes, easements, covenants, and zon-
Ng. People must be protected (1) by the installa-
tion of reliable equipment made as hazard-free as
possible by.the manufacturer, art (2) by being in
formed by the builder or contractor asp to oper-
ating and maintaining procedures to be-followed
when using'Ithe equipment. JUstification for4in-
centives to install, and rights and privileges of
ownership is continuirt established by fed-
eral, state, and local leg bodies.

.CONSIDERATION ,FOR !EOPLE
There are Some as ects of the solar heating

-system in which the consumer has invested and
must be informed concerning those aspects that
relate to health and safety, because certain opera-
tional and maintenance problems, may be dele-
gated to the owner.or Occupaint of the structure.
Equipment placement is important since various
monitoring and maintenance-procedures must be
followed. FOr example: the airfilters, need to be
changed regularly, liquid filters must be cleaned
or replaced regularly, liquid levels as well as anti.
freeze concentrations must be maintained, pumps
'and blowers should beubricated at certain inter-
vals, and fluid leaks must be stopped' as they oc-
cur and are located.

Therefore, the occupant should be informed
aboUt: (1) turning off electrical service before pro-
ceeding with certain service tasks (2),,which corn-)
ponents may be excessively hot and cause burns,
(3) slippery conditions caused by spillage prleak-
age of antifreeze solutions, (4) the "presence of
guarditround Moving parts; (5) any problems of
toxicity probable skth irritation Ow chemicals
used in adhesives, (6) heat transfer materials and
comporlents, and (7) any °the related matters.

Unfamiliar sounds .may have to be explained."
The occupant may be concerned' about' what
noiT are transmitted during the cyElind otoper-

f

ational modes. Depending on the placerrient of
equipment and the 'se tolerance limit of the oc-
cupant, a decisioh ma be necessary to add some
acoustical material to e equipment area.

Water contaminatio could be a problem: In-
troducing non-corrosive itives 'into potable
water (that which is used for cooking, bathing,
drinking) must be prevented. Therefore, ,some la-
beling procedures may be good insurance for the
system designers and °installers to warn oc-
cupantsbout possible contaminants.

CONSIDERATION FOR PROPERTY
Thp knowledge and ,p1actices of solar heat-

ing as applied to structural heating comprise a_
relatively new,technolody. In many communities,
this alternative fuel source has been recognized.
In others, no efforts have,been made toaccommo-
date this form of heating systermandpo'special
considerations for rights and responsibilities con-
cerning solar,heated property have been addressed.

Right to Light
Regardless of the percentage of the heat

load designed into solar heating equipment, the
most

4
critical ingredient to the-function of the sys-

tem is solar energy. When structures are con-
structed, there is an ob4ation to maintain, solar
exposure indefinitely. This, means that space
above and to the sides of a salar home must be
free of obstructions, Theite is little difficulty in
guarding against this Problem in tow- density
building areas. The problems exist for high de-risi-.
ty mutliple-story areas. See Figu're 11-1

Problems arise from both structural interfer-
ence and vegetation shading. A tall building plat-
ed where a projected Shadow is east on the col-
lectors greatly reduces the, efficiency of the solar
heating'system. The same problem exists where
treks grow to tall and shade the collectors. There
must be some legal procedures. for zoning and

Hills, Buildings 'And Trees Can
Shade Collector At Low Sun
Angles

Fig.' 11;1. Right to light may pose new problems with
neighbors.
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topping the vegetation even when it is not on the
same property as the ,polar home. Some states
(e.g., Florida, Colorado, and New Mexico) have
proposed legislation to prevent neighbors from
planting trees and shrubs that could interfere with
collector insolation. Similar measures are being
considered in other parts of the United States as
well as Australia, Brazil, Canada and Sweden.

Freedom From Glare
Not only must 'the occupant of solar heated

property have rights to light, but 'protection of
.others from glare is another issue. Neighborg and
passerbys, either walking or riding in &vehicle,
should not be exposed to glare from a solar
collector. This problem may be handled by a less-,
than-latitude tilt which reduces collector efficien-
cy, a solution which could interfere with the need
for heal in the winter.,

Zoning .

One Way to prevent collector inefficiency
cOuld'be the development of appropriate zoning
regulations. 'Placement of buildings on the lot
must be done properly to minimize arty nuisances
caused by,light reflection on adjacent property.
Landscaping and street orientation, when laying
out areas for neWc_onstructionmey require sane
different considerations, Problerys wilialso have
to be resolved regarding buildirld heigh0So that
shadows dO not effect -the function of nearby col-
lectors especially when the War heated structure.,
is already in use.

. Building Cod
The intent of building codes Is to provide con-

sistent guidelines for construction. In mosh.com-
rnuWties, building codes do notbddreas the pro-
blern's of sdlar heating installation as such. -How-
ever, they dp providedirection for the use of con- -
ventional heating components, for example, pumps,
blowers, and air ducts. Permits to install solar
heating systems may have to be obtained based
on vague interpret ions of existing regulations.
SOME of the-probl s to be addressed are: design
characteristics, entifit,,the time that codes were
Written, specific wording, attitudes of local'

'
authorities and costs,Ofrproyiding criteria for an .

%.,--------
alternative testing procedures. Many of these re-
gulationS deal with structural sjmdness to with-
stand loads and resistance to, natural phenomena

.such as hurricanes, earthquakes, o violent winds.-
AlternatiVe roofing, plumbingt, ?le ical, heating,,
-ventilating, glazing ma)eli§ls, and work practices.,

t

- +I
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may have to be' negotiated with local authorities
before permits can be issued and construction or
retrofitting started.

As- governmental agencies update their
codes, problems of solar heating systems will
have to be included. Some of the areas of concern
will include: health and safety of the occupants;
fire protection; potable water supplies; pressures
within collectors, tanks, and other solar compon-
ents; temperature ranges particularly as they af-
fect thermal expansion; transfer mediumsr win-
dow and door gigs; roof loads; mechanical de-
vices; and non - traditional construction methods
and materials.

The SMACNA publication, Installation Stan-
. dards, included with this training package is a

good example of an useful installation guide for
planning and installing solarsystems for one and
two family dwellings.

Another document, HUD Interinediate Mini-
mum Property. Standards Supplement .1977. Edi-
tion:Solar Heating and DoinesticAlot Water Sys-
tems, presents minimum dwellinrerandards for
(1) one family (2) two family, (3) multi-family, and
(4) care-type (nursing) facilities,Thp publication is
too comprehensive for summorization in this..
nurse,. However, it is an extremely -valuabled
reference book for-tiesigners, installers, and ser-'
vicepersons. Chapters included in the MUD Sup-
plement deal with ,CI) general use ,of the, docu-
ment, (2) site design, (3) building design-, (4) pro:
duct and construction materials, and (5) Construc-
tion practices. References in the appendices re-
late to (1) calculation procedures for hot water
and space heaters thermal performances; -f2) stan-
dards for various materials; (3)tsystem and com-
ponent illustrations.; (4) definition of terminology,
(5) reference standards; -and (6) identVication of
abbreviations for various code groups, associa-
tions, and governmental agencies involvrd in the
publication of the document.

One very comprehensive effort to eal with
coding problems resulted in the pu ication
Uniform Solar Energy Code (USEC) by the terna----:
tional Association of Plumbing and Mechanical
Officials (IAPMO). The purpose of the document is
to provide minimum standards and requirements
for the protection of the publiohealth, safety, and
welfare. Architects' and engineers can use this
publication when preparing drawings and specifi-
cations for sblar heating installations. It deals
with the administration of the code, definition of
terms, and
Details from
summarized
lesson.

so addresses Other specific' issues.
the various chapters of the USEC are
in the -following section of this



Quality and Weights- Alternate Materials-
Alternate Methods of Construction

This particular chapter in the IAMPO publica-
tion presents a brief description of standards that
have been prepared.through the cooperation of
various organizations.

GENERAL REGULATIONSGENERAL
INSTRUCTIONS AND REQUIREMENTS.

This section dealS with (1) the requirement for
plans; (2) improper location of equip-tient; (3) pro-
hibited fittingS and practices (use of dissimilar
metals); (4) retrofitting; .(5) protection of piping,
materials, and structures; (6) hangers and sup-
ports for horizontal'and Vertical piping; (7) trench-.
ing, excavating, and backfill; (8) changes' in di-
rection (appropriate use of fittings); (9) inspecting
and testing; (10) maintenance; (11) existing con-

. struction (only if a building is dangerous and a
menace to life, health, and property must it be al-
tered when installing the solar system); (12) health
andil safety; (13) abandonment; (14) othersystems
(DHW, swimming pools, etc.); and (15) detailed re-
quirements (e.g., safety requirements, controls,
and welding).

Piping. Such topics as: (1) unlawful conpec-
, tions; (2) cross-connection control (requirement

for deviceS to prevent back-flow when common pot-
able water, non-potable water, and/or sewer connec-
tions may occur 0) materials (identifies appYov.-
,ed materials); '(4)Tvalves (sizing and pla.cement);
(5) water pressure, pressure regulators, and pres-
sure relief valves (use and capacity); and (6) auto-
matic air vents are reviewed.

Joints and Connections. In this chapter, re-
quirements for the following practices are identi-
fied: (1) tightness (gas and watertight); (2) types of

.4oints (threaded; soldered, flared, and compression,
fittings); and (3) special joints (tube to threaded
pipe, brazing or welding, expansion joints, unions,
ground joints, flared, or ferrule connections).

Tanks. Specifications for construction and use
of tanks-are in the section. They deal,with: (1) stor-
age or heat exchanger tank construction (general
specifications related t use of concrete and
steel, and (2) expansion tanks (open or closed sys-
tems and minimum capacity for closed system)s ,

CollectOrs. Only the `general construction
specifications and location requirements are de: ,
scribed in the chapter. (They have been presented
in Lesson Three.)

Insulation. Specifications for insulation as
they relate td general requirements for pipes,
ducts, and tanks are' discussed in the section.

,Ductwork. The chapter merely recognizes

eir

that duct installation is a part of the solar heating
system. It states that the Mechanical Code is the
regulatory reference for sizing and locating duct-
work.

This has been only a brief summary of the
Uniform Solar Energy Code. The major purpose
for including it is to provide installing and servic-
ing technicians with the areas of concern iden-
tified by' IAPMO for efficient and reliable solar
heating systems.

As a general rule, an owner or contractor
planning to install 'a solar heating system should
contact the 'Coca\ building' inspector prior to the
expenditure of major effort on the project in-order
that any questions which may relate to com-
pliance with the code could be resolved in ad-
vance. If a particular solar heating system or Com-
ponent clearly violates a code requirement, a
change to some other type -of hardware could be
made prior to expenditure of significant funds on
a system which would not be acceptable.

Components that comprise a solar heating
system must meet acceptable standards of quali-
ty. These standards are established by extensive
research and development activities. Various or-
ganizations are involved in developing specifica-
tions for the duality of products that are used.
Material standards for solar heating components
are-created by the American National Standards
Institute, American Society for Testing and
Materials, International Association of Plurribing
and Mechanical Officials, Underwriters' Labora:
torles, SMACNA, ASHRAE, and the federal gov-
ernment which contracts with other R&D organi-
zations and then publishes the results of their
decisions.

-Installation
Along with quality components, there is also

a need for competent mechanics to install the
equipment. The need for qualified electricians to
install electrical and electronic controls.generally
is not questioned. However, jurisdiction over- the
erection and rigging of collectors ha,s become a
negotiable problem. ,

The-problem of who should install collectors
has 'recently been raised in negotiating construc-
tion, contrs. Two gr9ups have been involved.
They are-the United Association of Journeyman
and Appre,ntices of the Plumbing and Pipe Fitting
Industry of the U.S. and Canada (USJAPPFI)- end
the. Sheet Metal Worker's International Associa-'
tion (SWMIA).

The jurisdiction-agreement which these two
organizations have reached is that the supporting



and rigging of solar collectors with tubing and/or
piping for liquid fluids will be installed by a corn-
posite,crew equal in size to the numbers of mem-
bers of the respective unions. For air fluid sys-
tems, the 'collector array as well as all ducts
throughout the fluid transfer system, will be in-
stalled by SMWIA. For the liquid fluid systems, all
pipes and yalves.will be installed by UAJAPPFI.

Appraisal
Appraisal practice iC financing a ;solar

heating system during the planning phasesis dif- 1

ficult. The market hag not been developed suffi-
ciently to provide guidelines for establishing a
market value. Appraisers may choose to ignore
the system, treat it as a hot wafer system, or limit
'their assessment to the installation cost. On the
other hand, the entire system may be considered
a liability by some individual appraisers.

Appraising for tax purposes is another mat-
ter. This is especially true if fhe construction loan
appraiser chose to ignore the system. Then the
borrower pays separately for a heating system
that has been ignored but then pays taxes based
on the total pacckagestructure plus system.

Equitable solutions to problems of financing
and taxing solar heated structures are being
discussed. Many federal, state, and local legi-
slative bodies have introduced and/or passed acts
which relate to problems of construction loans
and taxation as incentives to invest in solar
heating systems.

Incentives
Legislation to provide incentives for invest-

ments ir1 solar heating systems could be con-
sidered regulatory or compensatory. Legislated,
regulations deal With such matters as estab-
lishing solar energy policy agencies that would
respond to problems such as right, to light, free-
dom from glare, nuisance matters, and building
standards or codes. '

Compensatory legislation would deal with
low cost construction loans and tax breaks to
those who invest in solar heating systems. Low
cost loans are being proposed' for both private
citizens and industries. Some considerations are
being given to investment tax credits and amorti-
zation`procedures. Tax reducing factors are being
proposed for. income, sales, and real estate.
Federal, state, county, or city income and/or pro-
perty taxes may be reduCed if a large amount of
money is invested in an entire solar heating
system ozone merely insulates a structure. Sales
and use taxes may be discounted or eliminated on
solar heating systems. Lowering the real estate

tax for a given number of years is being con-
sidered if the owner invests in solar heating when
building or retrofitting a structure.

Some tax incentives that have been assessed
by ERDA and presented for consideration are:

I

1. PUrchaser tax credit of 40% on first $1,000 of
systeri cost, 25% on next $6,400 of system
cost, with up to a maximum of $2,000 ta.?c credit,
effective 1978-1982.

2. Installer investment tax credit of 20%, effective
1978-1982. (Because this incentive showed lit-
tle 'promise early, in the calculations, it was
omitted from detailed consideration.)

3..Builder/developer tax credit of 20% of total
solar heating and air conditioning system
(SHAG) cost or Incentive I, effective 1978-1982.

A. Loans of 5% for 20 yearsfor residential retrofit
applications, effective 1978-1985.

5. Purchaser tax credit of 25% of the first $2,000;
and 15% of the next $6;000 of system cost up to
a maximum of $1,400 tax credit, effective
1978-1982.

6. Purchaser tax credit of 40% of the first $1.,000
of system cost and 25% of the next $6,400/of
system cost for 1978 and 1979, 30% of the first
$1;000 and 20%. of the next $6,400 for 1980 and
1981, and 25% of the first $1,000 and 115% of
the "next $6,400 for 1982 and 183.

insurance
Insurance companies have not been reluc-

tant to provide insurance for solar heated struc-
tures. Comprehensive insurance has not yet
become aigh risk factor since glass break*
has not been exbessive. Fire insurance should not
be affected since the required additional insula-
tion is fire resistant and the energy requirements.
(electricity for controls, etc.) are similar to thOse
used in conventional heating components. There
may be a need to have tire stops placed' in the
roof-to-equipment-room spite where pipes are
located: These air columns could act as a flue and
cause a draft that would .draw flames from the
basement to the attic. Also, heat, and smoke de-
tectors hould be installed as recommended by
Underwri er's Laboratories..

Warranties
Warranties have long been used as a form of

'consumer and manufacturet protection. Many
have been written in terms .which caused much
confusion especially to those who attempt their

11.4 1 t5C 0 ,

,1



interpretation. As a result, an effort has been
made by the federal government to give directions
for writing and interpreting warranties. This ac-
tion has resulted in the passage of the Magnuson-,
Moss Warranty-Federal Trade Commission Act
(FTC) of 1975.

There aged three -types of warranties: full,
limited, and implied. A full warranty as noW
regulated by the FTC stipulates that:

1. The product must be repaired at no cost to
customer.

2. The prodfict must be repaired within a reason-
able amount of time.

3. The purchaser is required only to satisfy the
. manufacturer that service is requested except

if the warrantor can establish that 'there is
cause to- suspect the proper use of the product ,
try the purchaser. k

4 The warranty applies to anyone who owns the
product during the duration .cif the warranty.

form the ordinary purpose for which it was design -_.
.5. If the product is not repaired within a reason ed..When a manufacturer does not prepare a writ-,

able time, the manufacturer must offer a re- ten warranty or is not explicit abput its content,
placement or refund. If -cash is paid to the the implied warranty provides legal recourse on
customer; the product mustsbe returned to the the part of the purchaser.
manufacturer. . Warranties must accompany the product and

be prominently displayed on or near the product
and/or its packaging. In the case of a solar
assisted heating system, different warranties may
cover different components. ,Therefore, ',the pur-
chaser should be given a packet containing the
warranties when the system has been installed.

REACTION
A lesson about the'legal responsibilities con-,

cerning people and property should be open-
ended and never summarized. The technology %)f
solar heating is in a state of evolution. Informa-
tion regarding new and improved materials and
processing create different problems requiring
negotiable resolutions. These problems have to
be dealt with individually as they affect the lives
of people, their property, and the environment.

This .full warranty may cover the entire pro-
duct or only parts of it. It will also contain the
duration of time that the warranty is in effect.

A 'United warranty:

1. Covers parts and none or only a part of the
labqr expenses.

2. Arranges pro-rate refund or credit to allow pur-
chaser to get some percentage of the purchase

,iprice refunded.

3: States that the purchaser must-pay for and be
responsible for the return of the product.

4. Provides that only the original purchaser fs pro-
tected.

Within the framework of limited warranties,
manufacturers are required to identify the warran-
ty duration periodlirnitatOns; and exclusions.

An implied warranty is the result of. state legi-
'lation to protect the customer. The most corny ,,
mon implied warranty is that the produce. will per-;';',

AIM

101

a/
a

111111111 111111 1 1 1

' FULL WARRANTY

This. prodtict is guaranteed against
all defects in construction.and against
corrosion for a period of 5 years.
Manufacturer will pay for all labdr
and parts costs to correct problems.

111111111 11 1 111

OEM.

OM.

%AIM.

4111.

11=1

LIMITED WARRANTY

This product is guaranteed to be
one of the finest solar systems ever c 5
manufactured. Manufacturer will pap
for costs of parts to ,correct any
problem.

Fig. 11-2. Plain language, warranty information prominently
displayed Is now covered by Federal law.

154.
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APPENDIX A

Climatological Characteristics for Selected .

Locitions In the United States and Elsewhere
$

Jan.
Jan. Solar.

Latitude Elevation, Temperature BTU (°F) (days)
('N) feet °F. (day)(ft) January Annual 4111State and City, (E) (r) (a) ,(d)) (d)

ALASKA

Annette Island
Barrow

Bethel

L Fairbanks

Matanuska
. ARIZONA .

Page

:Phoenix

Tucson
Yuma

ARKANSAS

Little Rodk I
CALIFORNIA

Davis

Fresno.
Inyokern

La Jolla

Los Angeles

Pasadena

Riverside

San Diego

Santa Maria

Soda Springs

COLORADO

Boulder.

Grand Junction
Grand Lake

FLORIDA

Apalachiccola
Belle Isle

Gainesville

Jacksonville

55

71

61

65

62

110

22

125

436

180 )

32.0'

-13--(

6,8

-11.2

12.2

0

37 4,270 ' 32.0
33 1,112 50.0
32 2,556 50.0

i 32 199 53.6

35 265 41.0

-19 51 44.6
37 Mt 4.--1::,° '44.6
36 4---s

-,.
Aie ..,,, . , .-:- 2440_v, 44.,6 -,

34 99 0, 53.6
34 864 53.6
34 1,020 51.8
32. - 19 53.6 t

35 238 50.0
39 6,752 20.0

40- S,385 32.0
39 4,849 26.6
40 8,389 15.8

30 35 , 531
27" 31 71.0

30 165 55.4
, 30 24 53.6

156

236

13

136

70

747

1,105

1,093

1;152

1,124

729

581

605

-4 148
960

946

925

1,013

976

975

823

740

.854

781

1,078

1,096

1,023

984

949

1,903

2,359

50 1,646

7,192

13,196

14,279

10,849

1,063 5,380

474 1,765

471 1,800

308 1,006

756 3,219

583 2,502

605. 2,611

546 . 2,122

372 2,061

343 4,794

406 1,874

314 1,507

,459 2,967

992 5,540

1,209 5,641

1,556 10,802

347 1,308

98

332 1,239

348 1,327



State and City

ti

APPENDIX A

Climatological Characteristics for Se 'octet
Locations In the United States and Elsewhern

Jan, g,
Jan. Solar :-

' Elevation Temperature . BTU' (°F) (days
Latitude feet °F. (dayXft2)- ; January An a

(°N) (E) , (T) (s) (di) , (d

Key West .24 6

Miami '26

Pensacola 30 13

Tall hassee 30 '58

mpa 28 11

EORGIA

Atlanta 34 1/2 976

Griffin 33 980

HAWAII

Honolulu 21 7

Mauna'Loa 21 20

Pearl Harbor
IDAHO

Boise

Pocatello
Twin Falls

ILLINOIS

Chicago 41 610

Lemont 42 595

44 2,844

42 4,148

INDIANA

4dianapolis ,40 793

ItilkA 1.
Ames 42 1,004

KANSAS

. Dodge City 38 2,592

Manhattan 39 1,076

KENTUCKY

Lexington
Lodisville 38 474

LOUISIANA ..,

Lake Charles , 30 12

New OrleOs .: 30 3

,.-Shitveport ., 32 , 252"
'..:4----

-;

69.8 1 1,205

66.2 1,263

51.8 921

51.8 909

60,8 t 1,204

42.8 834

42.8 876

75.0 1,339

40.0 1,926

1,325

30.2 522

24.8 soa
28.4 600

. 24.8 353

24.8 629

28.4 541

19.4 640

30.2 953

30.2 117

32.0 629.

- 32.0 604

61.8 880

51% 788

. 46.4 832

16 64

74 214

427 1,578

375 1,485

`t4" 202a 683

636

505

2,961

2,136

1,113 5,809

1,296 6,603

1,159 - 6,324

1,265- 6,639

1,265 .6,639

5,699

1,370 6,588

1,051 5,086

1,122 5,232

946 4,686

983 4,640

363 1,459

363 1,385

552 2,184



Poll!

*MARYt
5

Annapoli
Silverha

MASSACHUSETTS

Amherst

Blue Hill
Boston

Cambridge

Churchill

East Wareham

Lynn

Natick'
c.Pittsfied

MICHIGAN

East Lansing

Sault Ste. Marie
MINNESOTA

St. Cloud

MISSOURI

Columbia

,MONTANA

Glasgow

Great Falls
Summit

NEBRASKA

Lincoln

N. Omaha

APPENDIX_A

Climatological Characteristics for Selected
Locatio in the United States and Elsewhere

Jail.
Jan. Solar

Elevation Te perature BTU 5 ( °F) (days)latitude . feet °F. (dayXft2) January Annual /---.(°N)4 (E) (s),.. (d1) (d)

24.0 42 1,339 7,469
47 628 10.4- 504 1,690. 9,76\7
44 63 23.0 578 1,339 7,1g1

65 33.8 645 946 4,548
39 291 35.6 670" 871 4,224

.
42 750 29.0 428 1,136,
42 629 28.0 4 555
42 29 30.2 511 1,088 5,634
42 80 565

-16.6 239 '- 2,558 16,728
42 18 32.0 pa .

30.2 434 1,088 5,634.
26.6 559 1,271 6,969

42 1,170 1,339 7,578

; .

at.
116,909243 856 23.0 423 1,262

46 724 0 15.8 0 489 1,525 9,048 .

45 1,034 10.4 625 1,702 8,876.

39 785 30.2 662 1,076 5,046
f

48. 2,277 10.4 567 1,711
47 3,664 21.2 508 1,349 7,750
48 5,213 15.8 449 1,538 10,625

41 1,189 24:8 699 '.1237 5,867
41 978 23.0 752 1,355 6,612,

A3

1.58



State and City

NEVADA,.

APPENDIX

Climatological Characteristics for Selected
Locations in the United tales and Elsewhere

tevation
Latitude feet

(°N) (E)

39

36

6,262

2,162

4,404

. 44 6,262

35 5,314

40 100

40 144

42 950

, 41 52.

41. . 20

43 217

41 75

.

35 ' 7

36 891

35 7

35 433.

47 '1,660

41

,

805

.40 833

42 575

35 1;304

- 36 - . 910'

Ely

Las Vegas

Rend 391

NEW HAMPSHIRE

Mt. Washington

oftOW MEXICO
Albuquerque

NEW JERSEY

Seabrook

-Trenton

NEW YORK

Albany

Ithaca

New York

Sayville

Schenectady

Upton

NORTH CAROLA ,
Cape 'Hatteras

Greensboro

Hatteras

Raleigh

NORTH DAKOTA gr

Bismark

OHIO ,

Cleveland

Columbus

Put-In-Bay

OKLAHOMA

Oklahoma City

Stillwater

Jan.
Temperature

°F.
M

24.8

42.8

3ta

9.0

34.0

40.0

..32.6
sP

23.0

23.0

32.0

L,3253.0
.0

35

46.4

37.4

50

41,0

8.6

28.4

30.2

26.6C

A-4

35.6

35.6

Jan.
Solar
BTU ,(°F) (days)

(dayXft2) ' January Annual
(s) (di) (d)

876

1,027

862

432

1,*
688

1,927

1,809

7,730

2,709

6,022

7,866

1,134 930 4,348

592

637 1,020 , 4,947.
<,

456 1,311 6,875

449 1,271 6,624

537 973 4,811

603

478 °.1,283 '6,650
583

-898 580 2,612

754 784 3,805

892. 580 2,612

, 876 $ 725 3,3934

581 1,708 ° 8,851

456 1,159 6,351

475 1,088 060
441 1,159 7,211

939 868 3,725

762 893 3,860



APPENDIX A

Climatological Charactikstics for Selected
Locations in the United States and Elsewhere

t

Latitude
Elevation.

feet

Jan.
Temperature

°F.

Jan.
Solar
BTU

(dayXft2)
,State and City (°N) (E) 'Cr) Is/

a
,

OREGON.

Astoria )46 8 41.0
\t. 338

Corvallis 44 221 37.4 371/
Medford 42 1,329 37.4 434

PENNSYLVANIA

Philadelphia , 30 7- 32.0
,

645
Pittsburgh 40 749 28.4 346
state College 41 1,175'

.
28.4 511

RHODE ISLAND

Newport 41 60 28.4 570
SOUTH CAROLINA

Charleston 48 50.0 931
SOUTH DAKOTA

Rapid City 3,218 23.0 684
TEXAS

Big Spring 42.8' 986
Brownsville 26 20 ' 59.0 1,056

' Corpus Christi 27 .43 55.4 965
Dallas 32 481 44.6 8516.

El Paso 32 3,916 '444? 1,218
Fort Worth 33 544

. ;44:a
.

927
Midland ;32' 2,854 42.8

;0, , 1,034
San Antonio 30 794 51.8 1,020

TENNESSEE '
.Nashvit4e o( 605 . 37:4 600
Oak Ridge 36 905 37.4 611

UTAH

Flaming Gorge 878
Salt Lake City _41 4,227 28.4 648

VIRGINIA

Norfolk 36 26 (39.2 766
Mt. Weather 39 1,725 30.2 634

WASHINGTON, D.C. 39 64 35.6 585

r

(°F) (days)
January

(di)
1 J

4,

Annual
(d)

753 5,186

803 4,408

9113 5,008

1,014 4,565

1'1,119 5,087
1,122 5,934

1,020 5,804

487 2,033

1,333 7,345

7\--
651 2,591

205 .600

304 930

608 2,030

685 ge00
614 2,405

651 2,601

428 1,546 -

-3-,-

828 3,696

778 817

.

1,172 6,052

760 3,488

1,107 5,668

c 871 4,224



APPENDIX A

Climatological Characteristics for Selected
Locations in the United States and Elsewht

Jan.
Jan. Solar

Elevation Temperature BTU. (°F) (days)
Latitude feet °F. (day)(ft2) Jaguary Arinual

State and City n (°N) (E) (a) (di) (d)

WASHINGTON

North Head 46 194 40 4

Friday Harbor 49 100 . 321

ProsS4r 46 675 30.2 431 1,123. 4,597,
Pullman 47 2,550 28.4 452 986 3,995
Richland 32.0 316 1,163 5,941
Seattle 47 386 41.0 287 738 4,424
Spokane 48 1,968 28.4 434 1,231 kar2z,
University of
Washington 247

WISCONSIN

Madison 43 866 , 17.6 '564 1;473' 'c 7,863.
WYOMING

-Lander 43 5,370 19.4 846 1,417 7,870
Laramie 41 7,266 21.2 824 1,212 7,381

CANADA
..,

,

Edmonton, Alberta 54 2,219' -6.8 327 1,810. 10,268
Kapu4kasing, -

' Ontario
I -0.4 405 2,037 11,512

Montreal, Quebec .,. 15.8 405 1,566 8,203
Ottawa, Ontario 45 339 14.0 530 1,624 8,735
Toronto, Ontario 44 379 26.6 445 1,233/ 6,827
Vancouver, British
ColuMbia 35.6 279 862 5,379
Winnipeg, Manitoba 50 786 1.4 482 2,008 10,679 (

ISLAND STATIONS

Pantop.Island
1,2'179

dirruan, P. R. 1,491

SwIn Island 1,631

Wake Island 1,616

OTHERS

I Albrook,,A. B.

Panama

Taipei, Taiwan

A6

1,446

686



DUCT DESIGN
In most small applicati9ns, the n is an in-

tegral part of the manufacturer's nitary eqyip-
rnent. Thus, once the equipment has been
selected, the fan capacity at various static
pressures will be known and. the oikuct system
must be sized to match the fan perfornance.

In all-air systems, the total system CFM
(ft3lmin) is usually determined,by th, itnstalled
collector area and the manufacturers recom-
' mended, flow rate, which is usually slated in CFM
per- square foot 61 callector area. For example,
flow rates general lye from 2 to 3 CFM per
square foot. If 400 square feet of collector is in-
stalled, the total system CFM might range -from.,
800 to 1200 CFM (2 x 400 or 3 x 400).

In single tfan arrangements, this collecr
flow rate must\be compatible with the aux.iliarT;
heating system. Thus if gas or oil fired furnaces
are used as auxiliary heat, the collector CFM
should provide the recommended temperature
rise through the furnace.:If electric heaters are
used, then the collector CFM should equal or ex-
ceed the minimum flaw specified for the heaters.
If mechanical cooling ora heat pump is part of the
system, then the collector CFM must becbmpati-
ble with flow requirements that range from 300 to
420 CFM per ton. If air flow is not _compatible, then
multi-speed fans might be employed.

All-air systems may also bedesigned using
two-fansone for the.corlector loot and another
for the conventional backup heating system.
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When collect& lookand conventional air flow
rages are not the same, a bypass duct,as shown inI
,e,igure B-1 can be used to balance the flow.

Sizing standards are- listed in the SMACNA'
Installation Standards that are a part of your train-
ing materials. Please refer to Section 3 in these
Standards for 'design ciiteria. For specific sizing
procedures refer to the SMACNA Duct Sizing
Guide, NESCA's Manuals K and Q or the ASHRAE
Handbook.

The problem with so many'prastical duct siz-
ing methods is that they have been so simplified,.
streamlined, and pi`actic.alized that fundamentals
are very often obscured. "Cook book" methods
also frequently destroy the feel of the design, and
The user is seldom fully aware of all the assump-
tions made and qualifications built into the shaft-
cut tables and charts intended to save time. ,

Going back to fundamentals can, for most
people, help obtain a betiter prespebive of the
design prOblem. In this course then, let's review
the three basic design methadvelocity reduc-

. lion, equal &lotion, and Vatic regain, noting their
advantages and disadvantages. But first, let's
really get fundamental and consider several
essential relationships.

Flow Rate and Pressure Affect Fan Hp
A duct system has to be *sized fi'rstt to fit the

spade available, minimize air noise (by controlling
air velocity), and move air with a minimum of fan

Furnace, Ac
Unit

Supply Air

1200 cfm

,Return Air
41200 cfm

lb
'T (Air Space) A

Room

1200 cfm

Fig. B-1.
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power relquirements. T.1 js Iasi factor is often
overlooked.

The horsepower needed to move.air at stan-
dard conditions is equal to the product of the
system air floW rate times the total pressure dif-
ference created in the system. More precisely:

where

ahp =

Q =
TPd =

aMp = 0.00Q157 (0) (TPd)

air %orsepower (divided by
efficiency this yrelds brake
horsepower at fan shaft)
system air flow rate an cfm
total pressure difference between
supply and return system, inches
of water
A 4,

From the formula, an increase in system flow
rate (Q), brought about 13y an Fricireae in heatinla'
and cooling loads, duct heat,loR, or. beat gains:
increases fan hp and operating costs. An increase
in TPd brought about by higher duct resistance on
the supply or return side also increases fan hp re-
tjuirementS..

Total pressure (TP), in general, is the sum of
the static (SP) and velocity (VP) pressures at any
point in the system. The TP at the fan on the supp-
ly (or return) side is the sum of all,the losses of the
fittings, lengths of duct, dampers, etc. starting at
the' grille in the longest run and leading back to
the fan. The losS thiolgh other run will by
necessity be the same. (Since 'all branches ter -.
minate at atmospheric pressure anikare con-.
nected in,parallel to the same fan, the &bp in all
runs is from fan pressure to atmospheric
pressure.)

While TP is perhaps more desirable to work
with since its value always decreases in the direc-
tiOn of flow, SP is in fact normally used as a basis
for design., SR can increase or decrease in the
direction of flow, and in traping SP 'reoges from
grille to fan to establish System pressure at the
fan, the designer must be cognizant of SP regain
as Well as SP loss (More on this later.)

'Friction Chart Relates-the Variables
One of the basic working tools in all design

methods is the standard friction chart. (An ex-
cerpt is shown in Figure B-2.) This chart was
developed back in 1945 based on research con-
ducted at the . old ASHRAE Laboratory in

-*Cleveland, Ohio in which ductwork was actually
subject to test. . ;

The chart relates the friction loss or SP drop .--
per 100 feet of straight duct (horizontal scale), to

B.2

"cfm flowing (vertical scale), to round duct sizes
(slant line moving up from left to right) and finally
to duct velocity (slant line moving up from right to
left).

Values obtained strictly, speaking, apply to
air between 507.and 90°,F for smooth galvanized
duct. CorrectiOn factors for other ter erature

s.02 .03 D4 .06 D5 .1
..... OM 11111111
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Friction Loss

Fig. B-2. Standard friction- chart relates all the variables
for flow in straight ducts pressure drop (horizontal,
scale), flow rate (vertical scale), duct size (slant line
moving up I. to r.) and ale velocity (slant line up front
r. to I.).
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conditions are available. Precise corrections for
lined metal or for glass fiber duct have not been
rigorously established as yet.(Consult manufac-
turers' literature.)

It's important to note that the horizontal
scale indicating SP loss also indicates TP loss
since in a constant size duct, velocity, or velocity
pressure, IS Constant.

. Besides-the loss iffstraight ,duct,'the losses
caused by transition fittings, elbows, takeoffs,
dampers, filters, coils, and grilled must etso be in-

. cluded. Losses for transition fittings and elbows
are usaally giVen in terms of equivalent feet of
straight duct and added to the a al duct.
engths. TaKeoff fittings are mo ompiex and
charts or tat Iles list losses based on Perdent of
flow diverted Losses for dampers, grilles, etc. are
normally provided by the manufacturer.

The losses of fittings is'seen to depend on
duct sizes, and as mentioned at the outset, there4
are ttfree methods to size ductyvork.

The velocity redtrotion method is almost
method, for it relys heavily on the designer's
perience. Thu4 we have the paradox that' the
easiest method is really the most difficult method
ffor'the inexperienYed designer. The method isiur-
ther restricted to relatively uncomplicated
layouts.

The method is merely one.of assigning duct
velocities throughout the system- in decreading
order from. fan to furtherst branch. The duct sizes
needed to achieve these assigned values are
selected fronl the friction chart. The chart ..also
provides the Pressure drop in each run of duct.
The method is fast and noise control is relatively
assured since the designer picks his own
Velocities.

The second procedure is the equal friction
method. In this case the idea is to establish a con-
stant bressure loss factor (pressure drop per foot)
and use it throughout thesystem. If the system is
symmetica1.---11 runs essentially the same
lengththe method makes th.e system almoSt
self-balancing The' equal friction method is also
the most popular procedure.

To size a trunk-duct for instance, the pro-
cedure is as follows: Consider that 2000 cfm is
delivered by a fan into a Main. First of all, an initial
velocity must be selected. With the aid of the
standard friction chart, this establishes the
design prets.Or_e drop, per 100 ft. If we choose 1000
fpm, the pressure drop is 0.07 in. WG%100 ft. Wee

° Figure B-2.)
Also, the main size at the fan will be apprOximate-
ly a 19 inch round.

13

Now as succ ing; volumes of air are
diverted into the brwIcti iroM the main, it is only
necessary to enter at the top of the friction chart
at a loss'of 0.07 and move doWn vertically until the
horizontal -line corresPonding to the cfm remain-
ing in the main is'reached to determine the hew
main size that maintains the sage loss'per foot.

Thus if 1000 cfm were diverted out the first
takeoffleaving a 1000 cfm in the. main the duct

e after)ithe takeoff would be a 15 inch round.'
(Intersection of 1000 cfm ang0.07 in WG in. Figure
B-2). If after the second takeoff, 500 cfm remained,
then moving further down along the same 0.07 in:
WG loss line, the main' after the second takeoff
should be reduced to a 11'.5 inch round, This pro-
cedure is 'folloWed until the mairLis completely-
sized.

When available fan sip6i s known at the
say where unitary equipment is used, designers
sometimes use this figure divid0 by the length of
the longest run on the plans (including something
for equivalent length of 'fittings) as a trial pressure
loss factor.
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Fig. B-3. Equal friction duct sizing method is one of three
basic design procedures. A constant Pressure Ides factor
per. foot of duct is established and the'system is sized to ,

P'Povide this co tent loss. Curve at left relates cfm. to
duct area for e ua tion lose. Once'an initial duct, area

_has beed, deter fined, ay by assuming an initial supply
velocitX, then ain t ,nk-duct reductions and branchOS
can be sized sed on the percent iS1 the total,cfm that's
Brried by each run: If after a branch takeoff, the trunk
Carries only .46 percent of the fatal air supply (follbW
arrows) then the, main should be reduced to $4 Percent
of the initial area
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Percent Cfm Determines Percent Duct'Area
A variation of this method can be developed

from fundamental fl6Oio equations that show that
the ratio of duct areas is apprbidamtely equal to '
the ratio of air-flow rates in each duct area raised
to the.0.8 power for equal pressure drop per foot ,
of duct. Thus:%-

A/Af = (Q/000.8

where Af is the duct area at the fan and Qf is the
system flow rate. A and Q represent duct areas
and flow rates at any other point in the system.

Figure B-3 is a plot of this relationship. Know-
, ing the initial duct area, the duct area for any part

of a main or branch can be determined from the
chart

sizes and power requirements. Thus, a third
design procedure existsthe static regain
method.

Whenever some air is turned from the main
into a branch, there is a decrease in the velocity of ,

a7r emainirg ,in the main trunk. In theory, were
therC no friction, the decrease in velocity pressure

: would be eXaotly offset by a rise in static
pressure, since SP plus. VP equals TP, and. TP
wouldbe a do tent value throughout the system.

In reality there is friction, so regain is not 100
percent and he rise in SP may be only half, three-
quarters. Or ninety percent of the decrftase in VP.
In a well designed system, 75 ;pertent regain is
considered likely, thus ,

.To start the design, it's again necessary sPrise = 0.75 (vPa YPb).
assume a duct velocity at the fan. From Figure B-2 where yPa and VPb are the respective velocitY

, or the fact that cfm divided by velocity yields area, pressures , Opstwm and downstream of the
the initial duct area Af can be determined. Let's takeoff, junctiOn. '946
say 4000 cfm is flowing; for a 1400 fpm initial' , Since- the size of.the downstream duct af-
velocity, 4000/1400 or 2.85 square foot of ductarea fects thesdOwnstrearn, cityhente VPbthe
is required. Now 'if 46 percent of the total air fib -W-77- /value o he static gain can be increa ,o,sed Of

is diverted at the first branch, then from Figure I;3,-3 decreased ing on the election 4,1the
entering the base at 46 percent, and following the doWnstream duct diameter.
arrows, the branch area must be.54 percent of the Figure B-4 shows a somewhat idealized pldt
initial duct area for equal friction'-loss /ft: Hehoe oPSP vs' slistance along- a duct before and after a
the branch, duct area must be,0.54 times 2.85 or side-mounted register has' discharged some air
1.48 square kot. Successive branches and, mains fro/K.1 the main. In this illustration the SP regain
are sized in a similar` manner based solely on the (dashed line) is exactly equal to the SP loss
percentof the total air volume carried. ; through the next duct section. The SP,behind both

. Once. sized, the actual losses through the ,registers A and B is therefore identical. In a long
system should be computed hand compared to Strun of duct, where registers or branches of equal
available fan SP, using the friction chart and size and capacity are- required it is advantageous
available fitting loss dati. If the losS is greater to system balance, if the same SP is made
ttian the available, assume a new, larger initial available at each junction. And in conventional SP
duct area and repeat the procedure. regain design, the SP gain is in fadt made equal to

the SP loss of the following duct section. This is
accompliShed by carefully sizing the reduced sec-
tion that follows. ,

As an example, if 4000 cfm is flowing ahead
of register A in Figure B-4, from. the standard fric-
tion chart a 23 inch round duct would be usetl,
upstream of A.. At A, 2000 cfm is discharge Out
the register so 'that 2000 `cfm continues in the
next duct section. If that.new duct section is sized
so that there's a 1000 fprItvelocity (say by using a
19.5 inch round) then the'static regain wolf be

, 1400 2 1000 2SPrise 0.75

Regain Important in Big Systems
But even the equal friction method has its

drawbacks. For one thing, having the same
pressure drop per foot for both long and very short
runs causes unbalance similarly for the case of
runs of equal length but with one having many
turns and fittings:One-solution ls to use different
friction loss rates. Branches near the fan, for in-
stance, where system SP is still high could br siz-
ed based on'a 14,igher dr
near the end of the main

Another drawback in the normal use of the
eqUal friction method is that any static pressure
regain. is typically ignOred. While this is of little
consequence in smalL low velocity systems
(ignoring regain 'merely provides a small safety
factor) in larger, high pressure systems. ignoring,
regain can reSUltin higher *than necessary fans

per foot than branches

or Prise = 0.045 in. WG

N w if the equivalent length between A and B
is 100 feet (iCtual length pl'A equivalent length of

B-4
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fittings), then from the standard friction chart we
would find that the loss per 100 feet for a 19.5'inch
round with '20(.210 cfm . flowing is 0.07 inch,
WG which is greater than the computed value of
the static regain of 0.045

Repeatingthe procedure, only this time as-
suming a loWer duct velocitin section A-B, say
900 fpm, then the static regain would be

rk

sPrise

t

1400 2

4005

or SPrise = 0.052 in. WG
1

For a 900 fpm velocity, a 2.6 inch
. stet

900

4005

nd.du t is

-required, and again from the friction chart thehe loss
per 160 feet is. new 0.05 or approximately equal to
,the regain. A 20 40 duct is therefore . the desired
reduction in the main. To speed Up the design and
avoid the trial and error approach illustrated here,
pre-calculated Sizing tables are available.

For large. Systems then, a combination of.
static regain and equal friction sizing methods .

might -be emPloyedstatic regain to size the
mains and equal friction in the branch runs.

The intention, here has been to present the
fun'd ental concepts behind the three common
d gn methods and to acquaint the student with
he three general design objectivessize .to fit

space available, .control noise by regulating air
velocity, and minimize fan power requirements..

Transition Fitting

Equivalent Length 100 ft.

4 '4

Loss

A B

s.,

I

1

Distance Along Duct

Fig. B-4 Static pressure can increase (dashed line) as
well as decrease along a duct systeM. Static regain sizing -

8:5

,

method equates the value of the regain at A tis the loss in
)

the following duct section (A,to B): ,
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AIR HANDLING SYSTEMS
A good air hand g system is the result of a

careful study of elating to the placement
of the heating eq pmerir, he supply outlets, and
the return aif grill

The first step- in any-design' is obviously to
study the building plans very carefully and be cer-
tain that the plans accurately describe the actual
building-whether it is new or old. The designer
should also conifer with the builder or owner, if
possible, to learn of any special needs or de-
mands of,the conditioning system.

Before planning the duct system, the best loca
tions for the the supply outlets'must
be determined. A ce al location helps to keep
variations in delivered air temperature to a mini-
mum, and simplifies the air balancing problem..

Locating Heating Outlets
When speaking of the perrormance charac-

teristics of supply outlets (Figure C-1), reference
to the several,effects they fiave upon lthe stream
of air passing through them from the duct into the
room is made. One such characteristic is cahed
throw.,With a knowledge of throw, selection of an
outlet which can deliver the volume Of air required
without causing a high velocityereT stream to
strike a ,wall and deflect down into the occupied
space can be accomplished. Conversely, an air
flow pattern_ which will provides adequate cover-
age,for4a space and not leave stagnant pockets or
stratified layers of air to cause discomfor/ can
thus be made

Other characteristics Include air stream drop
at the throw distance _(distance at which air
stream velocity falls to 50- fpm), spread, soiund
6( \

:13

level, and air pressure dip. With-the variety of air
distributing devices available today anti with a
working knowledge of their charactnstics, air
can be successfully introduced into a room from
any point desired. 1t/ The choosing of supply outlet locations for a
year-round residential system is not a haphazard
procedure. Rather, the choice is dictated by sev-
eral factors Witc.11----must be considered simulta-
.neoUsly. These might be 'stated as questions:

.1. Will the localion chosen serve for both hefting
and cooling with minimum adjustment?

2. Wit) the location allow mixing of conditiOned
and room air to take place in a way that will not
disturb room occupants?

3. Will the location result in ,unit roo corit-
tions and not short cycling of the air to a adja-
cent return grille?

4. Is the location likely" to, prove impractical
,' relative to drapes or furniture placement?

5!Can the locati
reasonable len
branches in the

be served bya branch duct of
th as compared with other
ystem?,

Performance Guidelines
Generally speaking;th-e-troward projection

conditioned air along an (outside wall is he best
distribution 'pattern for *Pear-round sys em,

4,
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though other location can be used. However, sea
sonal, adjustments in the direction of 'flow from
Such other locations will probably be needed. For
example, a supply outlet located low on an inside
wall and discharging horizontally may perfom
well on heating becau%e of the natural tendency
of the wartfn air rise and mix with room air. Such
an outlet would be designed for a relatively short
blow sothat the jet streon Would notnormally be
noticed by anyone in rihe room. However, this
same location would not be satisfactory if the
outlet were discharging cool air, since this air
would not rise .naturally to mix with room air. A
seasonal adjuStment of the outlet vanes would
improve summer performance by establishing an
upward angular projection that would resuit in
rapid mixing with room air.

A supply outlet located 1410h on an inside Wall
and tildwing horizontally, toArd an outside waft
will .perform very satisfactorily for .cooling pro
vided the throw is less than the room width. If We
throw is greater than the room width, the air
stream will spigsh against the opposite wall and
deflect downipard as an undesirable draft in the
occupied zone. Cool air blown into thd roomt
above head,,level will diffuse gently down into the
room due to its greater density as compared with
the room air. On the other hand, warm air dis-
charging from the same location will tend to stay
high due to its lighter-than-room-air density. The
result will be poor mixing and stratification during
the. heating cycle and no counter- action to cold
wall clown drafts (as we have with low perimeter
outlets). The ceiling diffuser has the same ad-
vantage for cooling and disadvantage for heating
as has the high sidewall register. Here are Some
good rules of thumb for selecting outlets.

Floor diffusers, baseboard and low sidewall
outlets:

Heating. only select for 4 ft throw at design
cfm, and pressure limitationS

For, cooling select. for 6 ft throw as design
cfm and pressure limitations

Ceiling outlets:

360.or wide ,select to throW equal ? to
spread type distance from outlet toinearest

wall at design cfm and.pressure
limitations

Narrow

0
,..!

spread select for throw equal to 3/4 of
-44 distance from outlet to nearest

wall at design cfm and pressure
limitations.

eki 1f

Two- adjacent
ceiling.putlets

High sidewall
outlets

select each so that throw equals
1/2 distance between them at-
design Om and pressure liMita-
tions.

select for throw equal to of .
distance to nearest wall at
design cfm and pressure limita-
tions. If drop excessive, use
several smaller outlets rather
than one large outlet to reduce

. drop.
Placing Returns

Perhaps the Most frequently asked question
concerning systdms design is "Where should the
returns go?" This question seems to persist year
after year despite the fact that there is nothing
magical or mysterious about return air intakes. It
may well be that the influence of returns- in the
overall room air distributicin picture is consider-
ably overestimated.

Essentially, a return air intake -IN nothing
more than a relief valve that bleeds off unwanted
air from a conditioned space. And, like all well-
designed relief valves, except within the im-
mediate vicinity of the inlet, the device causes lit-
tle Or no disturbance to the main streamin our
case,,airin the occupied area of a room.

(Note: The occupied area of a room is con-
sidered to be the inner core of the space, physical-
ly extending 6 ft above the floor and to within 1 ft
of all walls.)

ActtfAlly, for all practical .purposes, it's the
characteriStics, number and placement of the
supply outlets. that determine whether room air
distributionthat is, temperature uniformity and -.

air. motionis good or bad. Generally, money
spent on the supply system does far more good
than equal dollars spent on the return side. (We-
assume that both sides of the system are properly'

But since a return is a relief valve, it should
be installed so that the unwanted air is drawn off
first, say air that is too hot or too cold. In this way,
returns can ease the burdenon the su.g15.I.outlets, \
which must mix conditioned air and moth' air to-
geth& into a homogenous, draftless mixture.

Now in every room there existsia region refer-
red to as the stagnant zo e or stagnant layer. In
this region, the supply ai discharge ceases to
have an influence .or ex rt agitating action on
room air. Room air mer ly stratifies in layers of
descending .temperatur . We have all seen ciga-
retteltmoke "hang" in ne spot in a room (at the
floor, or ne eil g). This is visual evidence



of the existence of a stagnan
The-general rpie for the placement of returns

is to locate intake grilles within this stagnant
zone. In this way, the least hoNogenous air willbe'l"
drawn out of the room. During heating, the stag-
rant zone is near the floor, so returns should be
placed /ow for both high-and low supplybutlet ar-
rangement. During cooling, the stagnant zone is
near 'the ceiling, and again, irrespective of the
supply locations, returns should now be placed
high.

In, the case of a single system that must both
heat and cool, returns should be located to serve
the most critical seasonthe period when the
most disturbing stagnant zone exists. Thus, with
perimeter (low) supply, the larger stagnant zone
occurs during cooling operation, so returns
should be placed high. With high supply loca-
tions, the poorer, year 'round performance occurs
during heating, so returns should be placed low to
bleed off air near the floor.

4
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PUMP SELECTION
In general, pumps are usecl'in solar heating to

produce fluid flow and therefore serve the same
basic funtion as fansto transfer or move a fluid
from One point to another. The main difference
betWeen the two is that pumps are intended to
move a liquidusually water or antifreezefans
move air. And just as there are many kinds of fans
there-are many pump designs too. Reciprocating
and centrifugal pumps are the most common but
there are also gear pumps (used in oil 6-timers),
turbine pumps, and other special purpose de-
vices. In this review we shall discuss, specifically,
the centrifugal pump and its application to solar
assisted heating systems, and provide answers to
common pumping problems. However, an analy-
sis such as this requires an understanding of the
characteristids.oi the-system and the pump. There-
fore, a review of these points is in ordqr.

The rotating wheel (impeller) orihe centri-
fugal pump (see Figure.D-1) causes water to flow
from the pump inletwhich is open to the center
of the wheelto the punip outletwhich is open
to the wheel periphery: The flow of water through
the wheel at a given wheel speed is dependent
upon the restriction to flow imposed on the wheel
inlet and outlet. Quite logically, the wheel can
handle the most water when no attachments are
madeeither to the pump inlet or outlet..As

Impeller

Casing

Pump
discharge

Fig. D-1.

Out

I

' tions to flow are imposed in the water p(ssages,.
flow will diminish. These restrictionsthe sum of
which are called pump (or total) Meedfall into
,four categories: static head, friction head, pres-
sure head, and velocity head. Thus we can say:

. Ht = hs hf .+ hp + by
ere

Ht = Total head
hs = static head
hf = friction head
h = pressure head
hv = velocity head

SYSTEM FLOW RESTRICTIONS
Static head (hs) occurs when the pump must

lift' ater against the force of gravity. To correctly
estimate ttle amount of static head, a measure-
ment must be made from the level at which water
stands in the system when the piimp is not runn-
ing- to the highest point that the water must be
lifted. Using thg view of _the cooling tower in Fig-
ure D-2 as an exarrt; we would measure 'from
the water level in the to k (the level at which water
'stands in the system when the pump not .runn-
ing) to the spray nozzle above the toWer- (the
highest point to which the water rr lifted),,:
which would give us a measurement feet. The
temptation-to ignore these levels and ballasure, in-
stead, the height of piping must be resisted. Such

-a practice would have resulted in an incorrect mea-
surement of 24 feet instead of 7 feet in the exam-
ple cited above. In a drain-down type of solar sys-
tem (see Lesson 9), the lift would again be the dif-
ference between the level that the water stands in
the system and the highest point to whiph the water
must be lifted. In the arrangement in Figure D-3 this
difference would be 18 feetfrom the water level
it) storage to the top of the collector. .

f Friction head(hf) is a measure of the restric-
tion to flow caused by the friction of water as it
flows through the system, Unlike static head, fric-
tion head is directly related to flow rate and varies
as the square of the flow ratio(new flow/old
flow)2. Thus, if the flow is doubled, the friction
head will be four times as great. The method of
determining friction head is essentially the same
as that used in determining pressure losses i
duct systems, i.e., totaling the lengths of pipe
counting the number of fittings, valves, etc. and
consulting charts in the ASHRAE Guide and other

D.1

1 fr70



references for pressure loss or equivalent length
values. In a .closed solar syStem such as that
shown in. Figure D-4, friction head would be the
only restriction to flow. .

Pressure head (hp) is a measur of the restric-
tion of flow dueto pressure m ed in the pipe
system. Such a head would be present if it were
requIred to.pump water from a lower tank, which
is open, to a closed tank
above atmospheriOby t
Pressure head,. like sta

Velocity head, (hv
pressure in a dUct system. Howe\er, the value of.)
the velocity head is usually very small in relatiorb
to the other componehts comprising the totathead.
As a result, it an usually be neglected in ,com-
puting the total head against wich a pump must
operate. *

aintained at a pressure
use of compreSSed air.

q, is independent of flow.
is analcfgous to velocity

Curves Represent:System Characteristics
Graphical representation of pressure-floW in,

terrelationShip is an important tool in the analysis

16.
of pumping problems. Flov, in gallons of water

Per minute, is plotted on the horizontal axis.
Head, in feet of water,,is plotted on the vertical ax-
is. (It should be noted here that a column of water
2.31 feet high exerts,a pressure at its base of 1 lb
Per square incli*Thus, while we talk(about pump
head as feet of water, we should remember that
this is megely a convenient way of expressing
preure.)

.9-In the first curve diagram (Figure D-5) we can
see how static, friction and pressure heads of a
system are related to floW. Remembering that
static pressure heads are indepen eht of flow we
can determine their valdb, say 25 eet, which stays
consstant as they remain the s e regardless of
flow. In the graph, this value is i dicated as line X,
Friction headrelated to flow s the square of
the,flow ratioappears as curve A: Note that at
no flow the total system head Consists of the
static and pressure heads. Fla flow of -100 gpm
the friction he,ad is say, 15 fee , making th41,4101

/head 40 feet (25 + 15)*At twice the flow or 200 gpm,
the ric 'on-head is (200/100)2 or four times the

e it 100 gpm, thus 60'feet. Total head is 85 feet
+ 0). If the piping system were. such that

were no Static or pressure heads, line X
e coincident with the 0 feet head line and

the friction curve A would start at 0 instead of at
the 25 feet head leyel. If thefrictionihead at 100 gpm
were more or lest than the 15 feet assumed in the
above example, clove A wouldfallabove or below'
its plotted position in the illustration. It w9uld,-

'Inevertheless, follow the relationship that thric-
tion heat varies as the square of the flow ratio.

Cooling Tower

h. =.7_ 7 ft.

Water. Level

24 ft.

17 ft. Pump
Center Line .

Pump

To Condense

'Fig. D-2.

132

DoWncomer
kieturn

ft- Supply Header

Outdoor! 4

Water Line

it Indoor

Vent -,

,18 ft.

Pressurized
t ocAir

Storage

Pump.

Fig. D-3.



The curves in Figure D-5 represent system
characteristics onlnd have nothing to do withy-a
any pump. All the show is how muchtlead (or
pressure) is required to force water through the
system at Various rates of flow. To be expected,
greater flow rates require greater pressures.

Combination Curves Aid Analysis
In the set of curves in Figure 0-6, 'pump

characteristics curves 'A and .8 are superimpqsed

Roof
Penetration

on system characteristics curves X and Y (such as
the one shown in the first curve diagram). By do-.
ing this we can readily see the results of changes
in pump speed and/or system charaeterAtics..
From the pump characteristic curves we can see

-t the maximum head a urnp can dveloPdiS
re at the zero flow line, N turally it Would be in-
advisable to operate a Rump very long with its dis
chrge valve Closedchurning water would de-
velop heat which might eventually damage the
pump casing. However, in some ,instances,
pump is required to fill a high system and the
pomp head must be 'kept at near shut =off until the
system is filled. In such cases, pump head at near
shukoff is of 'significance. As the heali or restric-
tiori to floW s reduced we can see from pump
curves A and B that a pump. can handle an in-
creasing 'quantity, of water. Pump curve A, which

90

80

f70

N'
Rool Penetrations

4

Compression Tank

50

40

30

20

.
Maim:

Pr
BP

Curve
Head)1111.111r.
A Mill

(Friction

_Amid

=MI=
Line X (Static 'and resstre Heads

G, 2(0 40

a

60 80 100 120 140 160. 18p 200
gpm

D-5
V Pump

<

) Drain Point thvg4e Point

Heat
Exchanger
Drain

Tank Drain

Fig. D-4.
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go,

.
falls Off sharply, is known as a steep curve corn- In thrsidiagram, curve M represents the char-
pared to flat cuniep which tends to be more hori- acteristic of a single pump. The capacity oftwo
zontal. The steep curve, which is characteristic of parallel running pumps is represented by the pump
a pump having an impeller with backwardly inclin- characteristic curve. N. Points on this curve rePre-
ed vanes, is preferable for air conditioning work. sent twice the flow for a.givehead asdobthe points
By using this type of pump, flowwhich is of , on curve M. Thus, at a head of 30 feet, pump M can
primary conc2rn'is not, affected as much by ' handle 150 gpm whkreas the two pumps can handle
head variatio. 1' 300 gpm,

Curve vrepresehts e characteristic curve
To Find System. Flow Potential di the system to whic the 'pumps are applied!

When wemsuperimpose a pump curve, on
system curve we can determine

Since the system cury shows a value of 30 feet at
:how much water

will flow through a systefn by obtaining their
points of intersecticin. For example, 'at the inter-
section of system characteristic curve X and
pump characteristics curve A (Point 1) we reacta
flow of F 1 and a, pump head of H 1. The balance

-point of .a pump and system will always lie on
both the pump and system curves since the two
curves only intersect at one point.

T Select the Correct Pump

no flow, we know tha this is the sum of to static
and. pressure heads. Ciirve 6 intersects curves M
and N at Points 1 and 2. The value of flow at these
two points are 105 and 135 gpm respectively.-

Two Other Curves to Consider 411

Thus far we have discussed only one of the
characteristic curves of a pump, the curve of flow
vs. head7,There are two othershorsepower and
efficiency curves.

We can also use Figure D-6 in an er- way.
As me.we) have designed a piping syste for a

I

flow, Vend haVadetermined the total restriction
9

to fl w to be H 1. Usi2,6 the relationships that have
8

been scussed
other flow rates and establish 4stem curve X. 3

7

From a pump cafalog we find two pumps that can -: 60
u.

Vet the requirement for flOw F.1 and head H 1-,' ) 1

2
3150
al

d then plot through this point, Pump curves A 4) 40

and B. , .
. 3

As is-often the case, suppose we had incor-
rectly estimated teti system head at flow F 1. To
show what would happen let's assume wek under-
estimated and that instead' of the head being H 1
it WaS'actially J1 2 at F.1 and the higher system .

characteristic curve Y resulted. It can be readily
seen that neither'pump A nor pump &Can.-provide

'... waiter at the Point 2 conditions of flo . -Head-
psfilp A balances system Y at flow F nd pump B ,io

balances system Y a1 flow F-.3. Notice that the
-pbssible error in head calculation makes a
smaller difference in flow with ttie steeper pump ''.

-curve A than with the flattercurve Bbearing out : ,

our ea'lier state ant. -This .i.oultzt also be true had - fo
we overestimated System head". . e 0

0)0
Two Pumps vs One Pump r , i0 4

,f :4:Figure D-7 sh wilg pump-system belancVor
assumed ctnditio s can provide lire 4 swat to 1

this representativ question: A certain p p. will
..,

gip' .deliver 105 gpm t rough a piping. system. How
mucp water will be delivered i.f a setond identical.
purnlois installed to operate' parallel with the ori-
ginal pump?

8

- D-4
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' Curve
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46115:1
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Several things should be said about horse-
power. One is that the actual horsepower required
is always more than the theoretical,amount due to
frictional and other unavoidable losses. Brake' horse-
power can only be determined by °an actual test of
the pump. Another point of interest is the fact that
pumps are usually designed with a self-limiting
horsepower curve. As illustrated in Figure D-8, the
'horsepower requirement for a given pump at a
given spee ises to a peak and then falls, off as
flow increas s. If he motor is selected to handle
this peak req irement, it cannot be overloaded by
the increased flow that would result should the
actual head be less than estimated when the pump
was selected.

The second curve in Figureb-8 (placed there
for convenience and having no relationship to the
horsepower curve,above it) is a typical efficiency
curve. Note that it too'rises, then falls. Efficiency
is calculated by divvidrng theoretical horsepower
by actual:test horsepower values. Thus:

He=

where

He= Horsepower efficiency
ht = theoretital horsepower
ha = actual test horsepower

In our graphic. example the efficiency curve
shows that this'partioular puma would be satis-
factory for use from 125 to 250 gprh where its effi

2Ciency ranges over 60 peicent. Pumps' harng an
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2.

1.2'

8

.4

iii
;:It

ft:

r11..."..1:;

; ,1s
;;;;44;;;
,..t...iiiiri

.

i;4:;;",,..,
}l14. ' ;.;;

"" ;

.; ::::::::

1

;. .

;

,

4.

..,

"
iU 1'...:fit

v
f.

1
t,,,:....

....

...
.

..........) ..... .
........

,.

.._ .....

,. T.

K
..,.....,.

.

. .

- :::"-:-`
..... ,-.

.,

i
.

....
.

.

,.

:-..-;:t...: ... ...... ,.. . ... ,.

.
0 4 8 12 16. .

Coliec/tzr Flow GPM

Fig. D-9.

20 22

D-5

efficiency lower than 60 percent in a given flow
range can be used, but pump efficiency is a factor
in operating cost and should be considered when .

there is a choice of, pump's for a specific applica-
tion.

SOME ADDITIONAL .FACTS. ABOUT PUMPS .

Although pumps can be.applied to discharge
water at almost. any desired head, care must be
.given to limitations which .exist on the suction
side of the pump when the water source is below'
the leVel of the pump. In this type of system, if a
complete vacuum were drawn in a -vertical pipe,
with its lower end in the water supply tank, the
water would rise apprOximately 34 feet d.u-e, to the
weight. of air on the ,surface of the water in the
tank. If the pump could produce a perfect vacuum
and if there were no losses, 34 feet is the maxi-
mum distance water could be lifted in the suction, .
line.

When normal pipe ioAes and the necessary
pressures needed to get water into the pump are
considered, usual pump applications require that
the sdktion lijt be limited to' 15 feet.

When hot water is td be-handled, it is neces-
sary to limit the negative pressure to a value
above the pressure of vaporization. Otherwise the
vapor forined will produCe erratic ptlimp operation.

In order for a centrifugal pump to deliver, its
casing muet be full of water. A number of methods
can'be used to assure this. The simplest is 'to in-
stall the pump beid4 thFrowest level" of water -
entering the suction" line. Another method is to
employ,a check valve in the suction line to prevent
the initial prime frOm drai.ning out.when the p4a...Mp
is shut down. If neither of these Methods is rab-
tical, it is necessary to provide an available water
supply or to use a small hand pump. A vacuum
pump is ,sometimes used to draws 'water up into a
casing for priming.

11

.Pipe Sizing
The resistance to-flow, termed friction head

(ht), 'is made up of the resistance in straight
letigths of pipes, elbows, tees, couplings, iwioLis
hand valves and control valves, plus the solar panels,
heat exchanger, and any other devi e through

h,ich liquid must be pumped.
Collector manufacturers, usually pr vide the

press loss (or resistance to, flow) imposed by
,the collector' various flow rates through the
devide (see Figure D-9). In addition, collector
'manufacturers usually specific flow rate through
panels (approximately .02 gpm per square root).
Other. component rrtanufactuqrs provide similar
data.



The- resistance or pressure drop in straight
lengths of pipe can be obtained from basic fric-
tion charts in the ASHRAE Handbook. Pressure
loss through elbows is listed in terms of the
"equivalent length" of section of straight pipe; for
example, a flow velocity of 5 feet per second, a
four inch albow imposes the same resistance to
flow as 11 feet of pipe. Inturn, other fittings. are
.related tO "equivalent elbows" in terrfis of pres-
sure loss. Again,.for example, an open globe valve
is equitalent to twelve 4-inch elbows. Thus a four-
inch globe valve impqtes the same resistance as
12 x 11 or 132 -feet of pipe.

To estimate 'the total (and greatest) resis-/
tance of a' piping circuk,usually (but not always),

the longest run is measured -both honiontal
vertical distances; the number of elbows and
other fittings are counted and converted to equi-
valent feet of pipe, and then the measured- and
equivalent feet of pipe are added togettrr to find
the "effective" pipe length. Knowing the flow and
t'al effective length, it is possible to find the
pressure loss for any common pipe size by use of
the ASHRAE fribtion charts. As in the case of
ductwork, there. are a number of .simplified pro-
cedures to ease the work of design. Table D-Ipro-

,
vides one example.

Table D-1 assumes a standard number of
fittings in'a circuit, and includes the losses in the
tabulated data so that the designer merely

i

mea-

TABLE D-1
PIPE SIZING-HEAD PRESSURE TABLE

AVAILABLE
HEAD
R. ofwatlirb

TOTAL' LENGTH OF CIRCUIT (AS MEASUREO' ON PIPING LAYOUT)

c d e. I g h I I k I m n -o . p q .r

4' .

5 (
. 6 ,,

r7

35

45

55

65

45

60

70,
90

50

65

80

100

60

'70
90

110

65

80

4100

120

70

90

1107

130

75

100
120

140

SO

100

130

15.0

90

120,
140

170

100

130

160

190

110

140 '.
180

210

130

4.60

,200
240

150

190

240
290

180
230

290
340

220

290
350

420

290

360

'450
540

400

510

620
730

620.
'.790

950
1120

8

9

10

. IX
,'121 4

75

85

100
110

120

.100
110

130

140

160

110.
130

140

160

{801

130

150
170

190

200

140

160

180

200

220

150

170

190

0

2 0

160

190

210
240

260

180

200
230

260

290

200
230
260

290
)20

220

250

290

320
350,

.250
290

320

360

400

290

330
370

'410
450

330
360
430
480

530

400
450
510

570
.620

490,
560

620
690
760

620
710

790

880

960

850

950

1060

1170

1

14.
16

18

20.

150

170
190

,220

190

220

250
290

2101

2301

2901

320;

250

290

330
370

260

310

3§6

$6

290
330

380

430

310
360,._4
426
470

340

4

510

380
440

509

1560

420
490

560

620

470

550

620
700 7190

540

,620

710

620

720

839
'9140

730

850

950

1060

900

1020

1150

1120

PIPE
SIZE

14i GALLON PEJR MINUTE CACITIES
itt"
' /x"

.3/4"

,0.9
2.3

5.0

0.8'
2.0

'4.3

0.,711

1.9,

4.1;

0.7
1.8

3.8

0.6

1.7is,

_3....7Y

0.6"

'1.7
3.6

0.6

1.6

3.4

0.6,,
1.5

3.2

0.5

1.5

3.1

0.5

1:4

2.9.:

0.f
1.3

2.8

0.5

1.2

2.6

. 0.4
1.2

.2.4

0,4

1.1

2.2

0.3

0.9.,
2.0

0.3

0.8
1.8

,.

0.3

' 0_7

.1.6

0.2'
0.6

1:3

(1'1"-
f1/4"
11/2"

9.6

-2-
8.3

r8
27

,17.3;

17'
25

7.3

16

2

7.0

15.5

23

-6.8
15

22

6.5

1'4.5

21

6:3

14.0

20

5.9

13.0

19

5.7

'12-.0
18

5.5

14.5.
17

5.0-
11.0
16

,144-.6

9.7

15

4.3

9.0

13

3.8

8.3

12

3.4

7.3.-
'' 11

2.9

6.3

9.0

2.3

4.8
7.5

21/2" :--
-
7" 1-

42- 40- ,39- 36
.57

34

54

--32

52.

29,
47'

27 'r
.44 '.

24

`38
21

32 .

18

29

14

. 24

' 413"-Copper Tubing only. ' I.

.K1OTE: Do.n4t- go beyondthe maximum ", or beloyv thiprnihimum figures shown in the table,
. '

(a) Single. Pump
Enter the .upper portion of the Table at t

the pump selected. Read across to the
'total length of' circuit. Read down to the
Table to the gpfn .figure equal to or eater than the gpm
required for the Circuit. Read to the left-hand. coluirnn to
determine itce pipe size required. Repeat for each circuit.
Staying in the same column established by the circuit with
the longest
requirement

fi

,
,s

'IOW TO USE THIS. TABLE FOR FINAL PIPE SIZE SELECTION
I i. . ..

. . (b) Multiple Pumps .

head pressure of ',Enter the upper portio. of the Toable at the heactprVssure or
re closest to the the pump selected. 1,1013d across 'to the figure .closest to the ,.

ower portion of the total length of the longest circuit served by the -pump. Read
down to the lower par,VOn of the Taple to Or 'Rpm figure

.'equal to or greater than the gpriii require() for trte. circuit...
Read to the left-hand -column. n° determine tile, pipe size
required. FORa two-pipe circuit, s ize aJI piping.in the circuit

al length,%repeat the last step for the gpm 'from the same column in the Table established' above. i
of the trunk 'and distribution" piping. -, Size the trunk and apy distribution piping using the total

, . gornof.tbe system, the lowest head pressure of the pumps
selected, and the longest total length of circuit.

>..

D6



sure the length of 'Pipesay frorrthe purnritd the
collectors and :back` then knowing the available
pump head and gpm flow rate, a proper pipe size.
is determined. For example, assuming a pump has

'a 12 foot head, enter the table at the row showing
12 foot head.: If the measured length of the circuit
was 180 feet, move right and stop at the number,
then move down until the flow rate, let's say 7'
gum, in the circuit- is reached (or exceeded).
Follow the line the left and note that a 1 inch
pipe size is mired. (Broken lines and arrows

, . trace the pattern.)
Again, as with any sitn6fied sizing,charts or

,tables, be certain ydu unlierstand the assump-
tions used to develop the procedureand the limits

io,t its 'applicaton tpyour piping arrangeblenta.
For additi,inal pipe Sizing information, Conc.

tact: Hydronic Institute, 35 Rustoilace,Terkeley
Heights; New Jersey 07922.

-r

JP

or

t. p

Qs
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,
Refer to the soLcpsr So10.

:

Appendix.E

t SOLCOST
Solar Servile Hot Water Form

LWater Handbook for instructions.
If you do not haye the necessary experience itheating, plumbing; and/or hot water systems,
consult your contractor, engineer, solar systems manufacturer, suPtilier, or utility company for
assistance in.completing this form.

tit The completed form should be mailed to:
Solar Environmental Engineeringto., Inc..
SOLCOST Service Center .

P.O. Box 1914
Fort Collins, Colorado 80522 (303) 221-4370

Service aaries and SOI.COST sales information m y be obtained from the
SOLCOST Service Center listed above.

-

.
.Iteins on this form ma:, ked ''havevalues that will automaticallY be used if the usertfiloe4 not make art 'entry.,Ifefer to Default Tabl..: 'on back page of form for 'default Values.

c, . ynppriani Refer tq kiandtrook for Guidance '

Name Phone Number Dat,
Address

Contractor/Estimator/D signer Name

, ti

lip Phone Nqmber

A. SOLCOST Analysis Description
. This SOLCOST analysis is for a __owner occupied residentiatbucling

business related, 'rental building, or commercial building
,

non- profit organization owner (i.e, pqblic buildings, schools, ?tcd J
2, SOLCOST determines the optimum solar collector area which maximizes'the rate of return (Or present worth) of the solar inv'egtm

14 you want SOLCOST to, optimize your collector size? yes J 0., I

3. If pe previous answer is no. you must enter collector area in square feet
4. SOLCOST also determines the optimum size for heat exchangers, pumps di 'blowers( antipipes duCting.

)
S. Solar and Conventional System Description
I.. Building.loraiferi

city, statel.
2. B,uiidin`type s- one or two-family residential

multi-family resideqtial
commercial

3. Application _____ retrofit
new construction 4

.

4. sEnergy source for a conventional service hot water system which would be installed,
if solar were not feasible:.

.

natural gas fuel oil' prRane
electricity coat

-

5. Auzilia,ry fuel for service hOt water system (fuel type to be used dditioh to solar!:

natural gas __ fuel oil p? pa
'electricity,

/. 6. If more than the fuel type is to be considered,entel (2) Dr the alterhare ft.1eFompieqe SOLCO

4\,
r,

' Important Refer to HailidbOakiforGuidance

E11 k,

r

.

analysis wiltke made foraeich fuel.
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G, Sol r System Cost
1. Solar Con4ent Costinformation

a) Collector costiiquare foot
- b) Solar storage tank.costigallon

c) Controls
d) Other

r installation Costs of Solar System

a) Design/engineering costs
b) ModifiCations to building and existing system

labor Costs

install4lion labor costs
d)- Misc. materials cost (paint; wallboard, shingles, etc.)

-T941 latallation

.System Maintenance Cost
liSakaperage annual maintenance cost over life of system)*

11 maintenance may be entered as percent of 'solar system cost*

Important Refer to Handbook for Guidance"

$ /gallon
5

.5;

_

N. Finan.ce and Eli( Data .

1. Residential t'

a) LiOn interest rate
.b) Loan -
c) Loan doWn payment
d) Property insurince rate',
e) Property tatrate
f) Personal indome tax 'rate

2. Commercial
66 a). Loan interest rate'
years . Es) Loah

c) Loan down payment
d) .Property inturance rate'

4.

a

-
2./ _ ov.ttter income tax rate

e);Prbperty-tax rate-
1) Corporate tax rate or

3: If business application (coMmercial or residential rental, for example) check _ And fill out the followin. .
a Sbepreciation method (Options are straight line or declinihi,balancel ''.1
b) '"ti,1 ul t i 01 i e r used in declining balance depreciation.

' :-, . (limited to 1:5 forcommeCCial buildings and 2.0 for neck residential property)
)- ystem- useful life forctepreciation purposes
l'

S

Arlently'l 0 years is allowed for building heating,air conditiohing%ryd service hot.

..4 ... water systems, exceptstolage tanks, which are allowed 22-years)
cl)Sati,age value of the solar system at tpe end of its useful life'''

. .

%

"years

._°0 of total cost

v

Ft Fuel and Electricity Cost and Price Escalation Data
current costfcir filet including fo61 sales tax anCI fuel cost adjustment factors.

1. Natuial Gas COst SchedUle
:BTU contept per euiojcjoot

"" Fuel Cost $1cubiciii)Quaifttty (rip,. of iirritsiti
S(ep 1 for first
Step 2 for next
Step
Step 4
Step S.

for'next
for next.
for next

2. FSectricity Cos; Schedule
. .fuel Cost (S/kwh) Quantity (no. of units)

1 - Step l'=, e : for first

..,'Step 3

Step 4
StepS

Step
? Step T.

3. Fuel Oil Cost Schedule
Fuel (141 grade

Fuel Cos` t ($/ gallon) Quantity (no
Step 1 for first 1

.Step- 2 -for-next
Step 3 for next __L_...1

' Step'4 for next
SStep 5_..7., .7.,,_` for ne-.;

- :

of 5nits)

-- 4:ProPane Cost Schedule vi

`Fuel Cost ($/gallon) `4Q antity-(no. of units),
Step 1 . ,r Hirst '
Step 2 , f r next
Step 3 ______:_ 'next

:t.
Step

p 54

lc
next



*iCoaJ Cost Schedble
. Tif tent per ton

rK!uc($ /ton) Quantity (no°of wilts)
-Step for first.
Step 2 for next '

Step 3 for next

6. For the fiial(4priced in 1 through 5 above, you may estimate the annual price escalation over the tfe of the solar system (collector life).

Default values are shown in the Default Table.

a) Estimated average annual escalation rate: %

b) Est7fnated average annual escaiation,rate

t Important =Refer to Handbpok for Guida

for conventional (reference fuel)

for auxiliary fuel
9

Default Values .
.

Whenever data in this 11, it means users either accept the ctatu already in SOLCOST, i.e., the Default Value. by not entering any information. or ente
s Default'

r an

value of their choosing Lis ow by section are the SOLCOST Values .1-1.

Section -Solar Collection Subsystem Description .
.

I al Azimuth Angle 0
)

bl Tilt Angle Latitude

4 Expected liff or solar sollectiu 20 pears

Section F Reference System Cost

1 Initial Installed Cost $0.00 (assumes retrofit. with cost already absorbed)

2. Maintenance Cost C/I (I% of the initial installed cost per year)
41:

Section C "Solar System Cost
A. 4

3 NlairitehancrCUst 01 /1"reof instlled Cost per year)
0

Section H Finance and Tan Data

1., Residential .New Construction
a) Loan interesf rate 00('Q %1

b) Loan term 20 ie.itseci.

is) Loan dowp payment e 10 (100) 0.1 total loan'

di Property insuranie rate 005 41,44e. yea

Commercial

4rd

Nesvcon ction

a, Loan interest rate 1 CH 10 0./i

ID, Loan term 20 years

c ',Loan down payment 10,1 WI, of-total loinf

di Property insurance rate 005 5% per year)
5

31 Business only
ts) Multiplier used in declining balance I 25
U, System useful lifeiisr depreciation purposes 10 years

d / Salvage value ofsystem at-end of useful life 10 (10% of 'total cost)

Section I Fuel and Electricity. Cost and Prie Escalatictn Data: .

-1 Nalural Gas HeatContent per Unit

3. .FUel Oil Heli Content per Unit

5. Coal Heat Conient per Unit

6. Average Annual eicalation Rate
hetollo.wing estimated escalation ratesAhrough.the year 2000. ar

`,Natural gas ",
Electriciiy

100,000 BTUs.' 100 cubic feet

.130.600 BTUS'gallon (r',. 2 fuel pit;

*7430 x 106. BIliOoTt. t

I

ed frogiERDA research data
a

Retrofit
11111%)
7 years,.

i0(218% of total loan)
005) 5.% per Yearly.

Retrofit
11,01.4,)

7 years

20 (tO% of total loan)
005'1 5 0eper year)

I

. .

^ Important Refer tolia'ndbook° fot Gridafice

cl

ee
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